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For Better Work Less Cost! 


SAFETY REGULATORS for al- 
most every gas and use— pressures 
up to 5,000 PSI. 


WELDING TORCHES for light 
gauge to heavy castings. Inter- 
Wa. changeable nozzles and extensions 
available for descaling, multi-flame 
heating and other special purposes. 


CUTTING TORCHES and attach- 
ments for thicknesses from light 
sheet to heavy billets. 


With Victor's precision-built appa- 
ratus you can custom build your 
welding and cutting outfit to fit 
your exact needs... then expand it 
as your business grows. See your 
Victor dealer TODAY. 


3821 Santa Fe Ave. 844 Folsom Street 1312 W. Lake St. 
LOS ANGELES 58 SAN FRANCISCO 7 CHICAGO 7 
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drive arc welder 4 


in...or out of the plant 
youll find its exclusive 


Remote* 


Control 


ou money 
roduction 
°S 


ith every 


Hobort 


stondard 


Hobart gas drive welders are amply 
designed—are built to give you constant 
day in and day out service anywhere. 

You don't have to crowd a Hobart to do 
the job—it has what it takes to 

deliver the welding current required for 
your work. The choice of all who must have 
lowest welding costs, and longer life. 

Hobart welders are not skimped in any way. 


USE THE NEW 


HOBART ELECTRIC DRIVE... 


There's a surprise ahead for 
you when you find how much 
easier it is to get quality welds 
faster. A size for every need. 


HOBART BROTHERS CO., Box W-81, TROY, OHIO 


Remember this—no welder is better 

than the engineering and material that goes 
into it. Skimped, high speed welders 

cost you more in the long run—IT'S BETTER 
TO HAVE BOUGHT A HOBART THAN 

TO WISH FOR ONE LATER, especially if 

you are watching costs—need 

speedier production. 


speedier ..s Neatisfy ing! 


HopaRT#i2 
ROD HANDLES 


80% OF ALL J 


It’s smooth welding with 
HOBART NO. 12 ELECTRODES... 


Hobart 12 is a premium electrode in 
QUALITY and PERFORMANCE—but at 
no premium in cost. It’s an all purpose 
rod that gives more actual weld de- 
posit, less clean up, and increased 
production. It's just one of a complete 
line. Use coupon for complete details. 


HOBART“ WELDERS 


“One of the world’s largest builders of arc welders” 


G HOBART BROTHERS COMPANY, Box W)-81, TROY, OHIO 


Without obligation, please send me complete information on the items 
checked below. 


amp. Electric Drive amp. Gas Drive 


] Electrodes [_] Accessories Welding School 
ADDRESS Home 
Business 
CITY 


Electric arc 
welding pro- 
cedure and 
Practice. A new 


544 poge text 
book. Covers 
every phase of 
welding. 

C) Check Here 
$3.00 
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' Of the fourteen leading* builders of gas 
_ holders in the U. S., eleven 

have long been regular users of 

Murex Electrodes. 


In both shop fabrication and field 
erection work, Murex Electrodes speed 
welding—assure top welding quality. 
That is why welding engineers in 

this and many other industries 

prefer Murex. 


*All those who have AAAA directory financial ratings 
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Fluted* and Bent™ 
Offset Tips 


... the ultimate for your welders 


Practical and effective contributions to cost reduction result from 
Mallory resistance welding research. 


Cross-section illustrating 
the exclusive Mallory 
Fluted water hole. 


REASONS WHY 
MALLORY FLUTED TIPS 
ARE SETTING 
WELDING RECORDS 


Major contributions are Mallory fluted and bent offset tips, giving 
you these important advantages: 


Cold bent from standard tips with all the desirable 
pen properties of full hard, extruded and drawn 


rene ; . ar stock, not obtainable in forgings or castings. 
70% increase in cooling area. a ging 8 
Positi , ; Water tubes bent in place, bringing effective cooling 
ositive tube centering. closer to the welding face. 
Faster heat dissipation. Fluted water hole increases cooling area 70%, with 


Reduced mushrooming corresponding increase in heat dissipation. 


These exclusive features mean longer tip life, more uniform welds, 
fewer “downs” for dressing and lower costs...all yours at 
competitive prices! 


That’s service beyond the sale! 


Less frequent dressing. 
More rigidity. 


Available in all types of tips with 

#1, #2, and #3 Morse tapers. Mallory resistance welding know-how is at your disposal. What 

ra Mallory has done for others can be done for you! 
‘atent Pending J 


**U. S. Patent 2,489,993 In Canada, made and sold by Johnson Matthey and Mallory, Lad., 110 Industry St., Toronto 15, Ontario 


Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 


Electromechanical Products 

P. R. MAL LORY a CG; Inc. Resistors Switches 
TV Tuners } ibrators 

Electrochemical Products 

Capacitors Rectifiers 


Mercury Dry Batteries 


Metallurgical Products 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA lieu 
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* Cities. In Canada: Dominion Oxygen Company, Limited, Toronto. 


Here’s why you should 


GET IN THE SCRAP 


Production of the new steel you'll need tomorrow depends on 
the iron and steel scrap that goes back to the steel mills today. 
For more than 90 per cent of all U. S. steel is made in open-hearth 
furnaces from a mixture of pig iron and scrap. To keep going 
takes over 50 million tons of scrap a year! 

By using iron and steel scrap in this way, steelmakers can 
produce more new steel—and do it more quickly — with existing 
facilities. Quality of the steel is improved, too. 

(nd raw materials—it takes almost four tons to make one of 
pig iron—are conserved. Every ton of scrap returned to the mills 
saves a ton of pig iron, plus the time to make it. 

Steel mills themselves can furnish only two-thirds of the serap 
they need. The rest must come from you. Your idle scrap keeps 
steel in short supply, hampers the National Defense effort, and 
costs you money, So sell it, ship it—keep it moving. 


1 Check your plant and property for every 
possible source of iron and steel scrap. 


Here's what you can do 2 Consult your scrap dealer, then cut up 


to help get much-needed your scrap for highest returns. 
‘ 3 Classify and segregate alloy steels and 
serap to Steel Mills special materials for higher prices. 


4 Move scrap fast through your scrap dealer. 


Oxygen-cutting and powder-cutting with OxweLD equipment 
rapidly convert any steel or cast iron section into good, usable 
scrap. To get maximum efficiency and economy, ask your nearest 
LinDE representative to help you work out a practicable scrapping 
program. Phone or write today. Linpe Arr Propucts Company, 
a Division of Union Carbide and Carbon Corporation, 30 East 
42nd Street, New York 17, N. Y. Offices in Other Principal 


e Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 


Trode-Mork 


The terms “Linde ‘and “Oxweld” are registered trade-marks of Union Carbide and Carbon Corporation. 
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Dumpty, 


this casting was put back together again 


First a loose connecting rod — 
and then a shattered cast iron 


cylinder block! 


It looked like the end for 
this casting. But, it couldn’t be 
scrapped— it belonged to a trac- 
tor of obsolete model and could 
not be replaced. 


What to do? 


Put the pieces together and 
weld them. 


Sounded like a good idea, but 
could it be done? 


It was done — with Ni-Rod! 
And here’s how they did it... 


The fractured parts were care- 
fully fitted together and securely 


welded into the cast iron wall 


with 1/8” Ni-Rod electrodes. 


Another irreplaceable casting 
was saved from the scrap pile 
and returned to service. 


This is a typical example of 
what you can do with Ni-Rod. 


It is so easy to use that even 
a novice welder with limited 
experience can quickly learn to 
lay high-strength, sound, non- 
porous, machinable welds. Pre- 
heating or post-heating are sel- 
dom required. 


The salvaging of cast iron 
parts is becoming more and 
more important with increased 
defense production and you will 
discover that your job of saving 
these necessary parts is much 
easier when you use Ni-Rod. It 
comes in 3/32”, 1/8”, 5/32” and 
3/16” diameters. 


At times you may not be able 
to get all the Ni-Rod you want 
because so much is being di- 
verted to defense needs. Your 
distributor will keep you posted 
on availabilities. 


The International Nickel Company, Inc. 
67 Wall Street, New York 5, N. Y. 
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Resistance Welding of Nickel and High-Vickel 
Alloys 


» Complete practical information and engineering data on spot, 
projection seam and flash welding, and resistance brazing 


by R. M. Wilson, Jr. 


1. INTRODUCTION 


LL resistance-welding processes employ the use of 
large electric currents and relatively high unit 
pressures. The passage of current generates heat 

in the parts to be welded in direct proportion to the 
internal electrical resistance of the material. Thus the 
name. The pressure serves to keep the parts in contact 
before and during the welding and also forges the result- 
ing weld during and after solidification of the molten 
metal. 

The resistance welding processes which will be dis- 
cussed in this paper are Spot Welding, Projection 
Welding, Seam Welding, Flash Welding and Resistance 
Brazing. 

Spot Welding. Spot welding is a process of joining 
two or more overlapping sheets by local fusion of a 
small area or spot. 
electrodes contact either side of the overlapped sheets 


Two, dome-pointed, copper-alloy 


under known loads produced by spring or air pressure. 
A relatively large, low-voltage, electric current is 
passed through the electrodes and the work for a short 
Sadi interval of time. A 

=. small volume of ma- 

terial, centered on 

_ the faying (contact) 

surfaces of overlap- 

ped portion, but not 

extending to the 

outside surfaces is 


R. M. Wilson Jr., is connected with Technical Service, Development and 
Research Division of the International Nickel Co. Ine., New York 


Copies of ones oe, may be obtained from the intornationsl Nickel Co. Inc 
17 Wall 8 . Y. 5, by asking for Technical Bulletin T- 
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fused by the current and forged by the pressure 
Projection Welding. Projection welding is a process of 
joining similar to spot welding. The main difference 
is that the location and size of weld produced is deter- 
mined by embossments or projections on the parts 
rather than by the shape or size of the electrode tip in 
aor contact with the 
surface. This proc- 
ess is used mainly 
to join small pieces 
together or to join 
small hardware to 

large parts 
Seam welding is a joining process 
similar to spot welding. 


Seam Welding. 
The pointed spot welding tips 
are replaced by wheels and a series of overlapping spots 
produces a gas-tight seam of a desired length. 


Pressure 


Controls | 
JHS 


Pressure 


Flash Welding. Flash welding is a joining process 
applied to rod, bar, pipe and sheet to produce a butt 
joint. The work is clamped in current-carrying jaws of 
the machine and separated prior to turning on the 
current. After the current is turned on, the two parts 

re brought together at a predetermined rate such that 
discontinuous arcing occurs between the two parts to be 
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joined. This arcing produces violent expulsion of small 
particles of metal (flashing) and produces a posi- 
tive pressure in the weld area which excludes air 
and minimizes oxida- 
tion. When sufficient 
heat has been developed 
by flashing, the parts 
are brought together 
under heavy pressure 
so that all fused and 
one oxidized material is ex- 
truded from the weld. 

Resistance Brazing. Resistance brazing is a brazing 
process accomplished on a spot or seam welder em- 
ploying high-resistance electrodes faced with carbon, 
tungsten or molybdenum to generate heat. A silver 
brazing alloy is usually preplaced in strip or powder 
form. 


Controls 


2. GENERAL CONSIDERATIONS 


Nickel and the high-nickel alloys can be joined easily 
to themselves and to many other ferrous and non- 
ferrous metals and alloys by the resistance welding 
processes with equipment in common use throughout 
industry. 


2.1 Chemical Analysis, Mechanical Properties 
and Physical Properties 


_ Table 2.1 lists the nominal chemical analysis, the 
‘average mechanical properties and the average physical 
roperties of the nickel and high-nickel alloys which will 
» discussed. For convenient reference, similar data 
are listed for carbon steel, stainless steel, aluminum and 
‘copper. 
There is a wide range of electrical resistance in the 
ickel alloys varying from a low of 50 ohms per circular 
il foot for low-carbon nickel to a high of 750 ohms per 
circular mil foot for Inconel “X.”* This electrical 
property is the most important to resistance-welding 
processes since the heat generated by a passage of cur- 
rent is directly proportional to this internal resistance. 
The coefficients of thermal expansion of the nickel 
alloys are fairly low, approaching that of carbon steel. 
Warpage due to welding is of the same magnitude as 
that encountered with carbon steel. The mechanical 
properties of the high-nickel alloys range upward from 
that of low-carbon nickel which is not too different from 
* Reg. U. 8. Pat. Off. 


686 Wilson, Jr.—Resistance Welding Nickel 


carbon steel. In general these high-nickel alloys retain 
their high mechanical properties at elevated tempera- 
tures. Therefore, there is a need for higher unit pres- 
sures than is necessary for carbon steel. 


2.2 Cleanliness Considerations 


In resistance welding any metallic material or alloy, 
the presence of foreign matter on the surface such as 
oxides, oil, grease, paint and dirt is a source of difficulty 
due to the high resistance of such material to the pas- 
sage of an electrical current. The need for cleanliness 
before attempting to weld nickel and the high-nickel 
alloys cannot be overemphasized. 

Nickel and high-nickel alloys are susceptible to sul- 
phur embrittlement when in contact with sulphur- 
containing materials at elevated temperatures. Oils, 
greases, drawing compounds and marking pencil 
marks often contain sufficient sulphur compounds to 
cause embrittlement at the temperatures produced 
during resistance welding. Before welding, all foreign 
substances should be removed from the surfaces with 
carbon tetrachloride, petroleum spirits, vapor de- 
greasing or caustic degreasing. 

All metals oxidize in air. The oxide film so formed 
has high unit electrical resistance, but the total re- 
sistance of an oxide film is largely dependent on its 
thickness. The oxide which forms on nickel and high- 
nickel alloys when they are exposed to clean air at room 
temperature is very thin, transparent and increases in 
thickness at a very slow rate. Due to its extreme thin- 
ness, the resistance is negligible so that it is seldom nec- 
essary to institute an oxide-removing operation before 
resistance welding on bright nickel alloy sheet or strip as 
received from the mill. 

Long storage of nickel and nickel alloys in con- 
taminated industrial atmospheres will produce oxide 
films of greater thickness which are not transparent, but 
which tend to darken the surface appearance. Such 
oxide films have appreciable resistance and must be re- 
moved before attempting to resistance weld. When 
nickel and high-nickel alloys are heated in an oxidizing 
atmosphere, a heavy brown oxide film is formed. This 
film has extremely high electrical resistance and must be 
removed before welding. Heavy oxide films will cause 
local hot spots resulting in die burns (flash welding) or 
surface burning and flashing, low electrode life and 
porosity in welds (spot, seam and projection welding). 

Chemical pickling will be found to be the most satis- 
factory method of removing oxides on nickel and the 
nickel alloys prior to production welding. Table 2.2 
gives the recommended pickling procedures for the type 
of oxide present and for the material to be pickled. 
Further details are given in another publication. * 

Oxide removal can be accomplished mechanically 
by grinding, sanding or shot blasting. This method is 
satisfactory for small sample quantities or for spot clean- 


* Pickling Inco Nickel A . Technical Bulletin T-21. The International 
Nickel Co., Inc., New York, N. Y. 
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TABLE 2.1 
Chemical Composition, Mechanical Properties and Physical Constants of Nickel and Nickel Alloys 


Steel, Stainless Steel, Copper and Aluminum included for reference 


AVERAGE 
MECHANICAL 
PROPERTIES 


Approximate 
iti Form and 
Condition 


| 
| 
| 
| 


Material 


(0.2% offset) 
1000 psi. 
Tensile Strength 
1000 psi. 
Elongation 
in 2 in., per cent* 


Yield Strength 


| Annealed 
Hot-rolled 
Cold-drawn 
Cold- rolled* 
‘Hot- rolled 100 
Hot-rolled? 
Cold-drawn 
Cold- drawn? 115 | 155 | 


*K” Monel 


20; 70 
Nickel i Y Hot-rolled | 
(wrought) | Cold-drawn 
Cold-rolled* 
Low Carbon Annealed 
Nickel 
Hot-rolled | 105 | 35 
Duranickel Ni —93.5 
Cold-drawn | 120 | 
Cold-drawn?* | 178 is 
Annealed 85 “45 | 150 
Hot-rolled | 100 | 35 | 180 
Cold-drawn 90 | 115 | 20 | 200 
Cold-rolied* || 110 | 135 | 


| 


Annealed 50 | 115 | 50 | 200 
Hot-rolled’ 120 | 180 | 25 | 360 


Annealed 60 | 35 
Hot-rolled 

Hardened!’ 

Hardened! 


Annealed || 30| 85 50 | 160 
Cold-rolled || | 5 | 300 
and 347 Ti'*—4 xcarbon min. 


or 
Cb”—10xcarbon min. 


Annealed | | 45 | 23 
Al —99 plus Cold-rolled* | 20 | 32 
Cold-rolled‘ 44 
Annealed 32 | 45 | 
Cu —99.9 plus | Cold-drawn 
| Cold-rolled* 
| 


48 | 5 | 100 


Half-herd temper. 


13 Water-quenched, drawn at 200° F. 


0.306 | 8.47 | 2400- 0.13 
2460 
0.321 | 8.89 | 2615-| 0.11 
| 2635 
0.321 | 8.89 | 2615—! 0.11 
2635 
180 | 
Hot-rolled? 170 | 15 | 320 || 0.298 | 8.26 | 2615-| 0.104 
220 2635 


0.307 | 8.51 2540- 0.11 6.4 
| 2600 


0.286 


40 | 45 | 20| 90 | 


AVERAGE PHYSICAL CONSTANTS 


| 
./in. 


Thermal Expansion 


oP. 
./°F. 


(32°-212° F.) 
Btu./lb./° F. 
(32° F.) 
ohms/cir. mil ft. 
of Elasticity 
psi. 
Torsional Modulus 
of Elasticity 


Specific Heat 


Specific Gravity 
Melting Point 
“Thermal Conduc- 
tivity (32°-212° F.) 
Tensile Modulus 


hr 
| Electrical Resistivity 


|| Btu./sq. ft 


| Monel 
(wrought) 


“Kk” Monel 


128 |280! 
137 260% 


104 |590 


11.6 || Carbon Steel 
| SAE 1020 


12.9 | as00 | 16 
| 1510 | 383) 


9.3 10.4 


|| Alcoa 2S 


1% In type 321 ‘only. 
2° In type 347 only. 


14 Water-quenched drawn at 1000° F, 


ing of large pieces, but it is expensive in labor and re- 
quires considerable supervision to obtain uniform results 
in production. Occasionally, special blasting equip- 
ment such as Hydroblastt will be found useful. Wire 
brushing is not considered satisfactory because of the 
tenacious nature of oxide films on the nickel alloys. 


2.3 Selection of Process 


Resistance-welding processes are well suited to the 
high production requirements of mass production. 


+ Reg. U. 8. Pat. Off., Pangborn Corp., Hagerstown, Md 
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Welds are made in machines at a very rapid rate by 
operators who can quickly acquire the necessary skill to 
load and unload a machine, and push a button or press a 
foot switch. Therefore, the labor cost per weld is ex- 
tremely low, particularly when compared with other 
joining methods such as are welding, gas welding, solder- 
ing, riveting or bolting. Resistance-welding machines, 
on the other hand, are expensive as compared with the 
cost of equipment for other methods of joining. In or- 
der to economically justify a resistance-welding process, 
a large volume of identical or similar joints is required to 
obtain the low-unit labor cost and also a reasonably low- 
unit machine cost. 
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| | | 
| 
| | 
| | 
| | Material 
Elements) i= | 4 
per cent || | 
a5 | | 
| | || | | 
| Ni —67 40 | 125 | | | 
onel Cu —30 35 | 150 || 0.319 | 8.84 | 2370-|0.13 | 7.8 | 180 (290! | 26 9.5 || 
(wrought) | Fe — 1.4 25 | 190 | 2460 | } | I] | 
Mn— 1 5 | 240 | | | 4 
—29 7.8 | 130 |350 | 26 9.5 | 
| Al — 2.75 
Fe — 0.9 
7.2 420 | 57 |30 | 11 || 
| | | | (wrought) 
} i} 
7.2 | 420/50 |30 |11 || Low Carbon 
| || Nickel _ 
| 7.38 
| j | | (wrought) 
Inconel | | 2540- | | | | Inconel 
cr 0.300 | 8.30 | 2600 | 0.105; 7.6 | 102 750 31 11 | 
e— | | | | 
Ti — 2.5 | | | 
| Fe —Bal. 130 || | } | | | a 
Carbon Steel} Mn—0.45 146 | 0.284 | 7.86 | 2760 | 0.107| 6.7 360 | 60 | 30 
SAE 1020 | Si —0.25 205 % 
Cc —0.20 175 
: | Stainless 
MEE | 7.92 | 2550-| 0.12 9.3 110 435 | 28 | Steel 
| 2600 | Types 321 
120 || and 347 
Alcoa 2S | 0.098 | 2.71 | 1190-| 0.22 | 10.0| 3.8 — 
| aaas | | 
Oopper | 0.322 1980 jews || Copper 
Age-hardened. ag 
* Hard temper. 


TABLE 2.2 
Pickling Recommendations for Nickel 
and High-Nickel Alloys’ 
Formula te be used for the following types of Oxides 


Light Tarnish Reduced Oxide 


Alloy Heavy Oxide 
Nickel. .... 3 | a 5(c) and 3(b) 
Duranickel . 3 5(c) and 3(b) 
Monel. . 1 and 2(b) a 5 and 6(b) 
“K” Monel 1 and 2(b) 4 | 5 and 6(b) 
Inconel “X” 7or7A 


Make-up of Formulae 


— = Nugget Dia. 
GOOD 


Table 3.31. More overlap than necessary may be 
slightly more costly in material but will be much easier 
on the operator in locating the spot weld since this is 
usually done by eye rather than by jig. Less than the 
recommended overlap will promote slower welding 


1 | 3 4 5 6 7 7A 
| 1 | 1 1 1 1 1 1 
Cupric Chloride Ib. -- -- | 
| 
Temperature °F 70-100 70-100 | 70-100 180-190 180 | 70-100 70-100 120-140 
Time over over | 5-20 sec. 30-90min. 20-40min.| 5-10 min. 15-90 min. 15-90 min. 
sec. sec. 
{ Crocks, 18-8 | Crocks, Crocks Crocks, Crocks, Carbon Carbon 

’ | Glass, Stainless, . Glass Glass, Glass, | Brick Brick 

Container Materials . | Ceramic Glass, | Ceramic | Ceramic Ceramic, Ceramic, | 
eramic Brick Rubber 


(b) Hot water (180°F.) rinse be 
(c) Will require 1 to 2 hours. 
(d) Allow to cool before i 


The application of a resistance-welding process to a 
design which primarily considered another joining proc- 
ess such as riveting or are welding will seldom be eco- 
nomical or satisfactory. In order to obtain maximum 
benefits, specific requirements of the resistance-welding 
process should be considered in the early stages of de- 
sign. 
| Spot welding, seam welding and most projection weld- 
: ing applications can be done only on a lap-type joint. 
_ This limits these processes to use on relatively thin sheet 
and strip. The lap-type joint has an inherent crevice 


+ between sheets which acts as a stress raiser in applica- 
The crevice is also a 
Flash 
‘welding produces a butt-type joint with no inherent 
crevice. Therefore, from corrosion and fatigue stand- 
points, flash welds are superior to spot, seam or projec- 
ition welds. 


i 3. 


3.1 


‘tions where fatigue is a factor. 
source of trouble where corrosion is a factor. 


SPOT WELDING 


Design Considerations 


The most economical application and the best over- 
all results can be secured when the design has been 
made specifically for spot welding. The following fac- 
tors should be kept in mind when designing for spot 
welding. 

3.11 Overlap. A sufficient amount of flat overlap 
must be provided to contain the spot weld. The mini- 
mum recommended overlap for each gage is shown in 
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Notes: (a) All work should be Se yt any pickling. and should be neutralized as a last operation in a 1-2 percent (vol.) ammonia solution. 
lips. 
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salt. 
Safety Note: Furnes from these pickle solutions are strongly irritant. Ventilating hoods should be employed. 


since the operator must be more careful in locating his 
spots. In addition, expulsion of metal will result and 
the weld will be low in strength and contain porosity. 
Frequently, a finishing operation must be added where 
expulsion has occurred because of inadequate overlap. 

3.12 Accessibility. Spot welds should be placed in a 
structure so that they can be easily reached with stand- 


ACCESSIBLE INACCESSIBLE 


ard equipment. Inaccessible welds increase greatly the 
cost of welding labor, special tools and maintenance 
charges. 


3.13 Flatness. Formed parts when assembled must 


be in contact in those areas to be spot welded. The 
spot-welding machine is not, a forming machine. If a 


portion of the machine pressure is utilized to bring the 
parts into intimate contact, then there will be insuf- 
ficient pressure to contain the molten weld metal. 
Expulsion will result. Inadequate forging pressure after 
welding may lead to cracking troubles. 

3.14 Jigging. Most jigs and fixtures for spot welding 
assembly can be rather simple affairs which are light in 
weight and quickly used. It is well known that the 
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largest portion of spot welding time is utilized in as- 
sembly of the parts in the fixture, the moving of the 
assembly to the machine and the removal of the welded 
assembly from the jig. The actual welding is but a 
small portion of the total time. Therefore, it is im- 
portant to analyze the welding jig and see that it does 
the job properly but is not unduly heavy or cumber- 
some. Frequently, the designer can help by making 
parts which are self-locating or by specifying locating 
holes. 

3.15 Spot Spacing. If spots are located too close to 
each other, a large portion of the welding current to 
produce the second or subsequent spots will shunt 
through the spot or spots already made. This will re- 
sult in the formation of a small nugget or no nugget at 
all. The single good weld and subsequent poor welds 
may not be strong enough to support the load for which 
the structure was designed. When close spot welds are 
necessary, refer to Table 3.31 for minimum spacing 
allowable. If closer spots are required then a special 
machine setting for the second weld or projection weld- 
ing may offer a solution. At least two welds should be 
employed always to attach a piece which might be sub- 
ject to torsion. 

3.16 Weld Strength. The shear strengths of single 
spot welds shown in Table 3.31J can be used in design of 
static structures. These values are a rounded 80°; of 
actual tests (Column I). Shop setup tests should em- 
ploy the values shown in Column I. 

3.17 Fatigue Strengths. Spot welds are notoriously 
poor performers in structures subjected to fatigue. 
When a structure is to be subjected to fatigue, the de- 
sign stress should not exceed 20°; of the values shown 
in Table 3.31J. Figure 3.17 shows the results of actual 
fatigue tests on spot-welded specimens of Monel,* 
nickel, Inconel* and ‘“K’’* Monel. 


| | 062 SHEET ; 031 SHEET 

ULT. STR. !SYMBOL ULT. STR. 
Nickel. i -.1150 tbs 

_“K" Monel ~~ 1170 Ibs. 

1420 Ibs. 
| 


10° 10° 10° 
Cycles To First Sign Of Failure 


Fig. 3.17 Fatigue strength of spot welds. Minimum load 
0 = '/.9% of spot strength 


3.2. Equipment Considerations 
3.21. Pressure. The function of pressure during 
spot welding is threefold. 
* Reg. U.S Pat. Off 
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(a) To provide intimate contact between electrodes 
and work and between the two sheets so that 
current can flow. 

(b) To contain the molten nugget during current flow 
when high internal pressures are built up by the 
heat of welding. 

(c) To provide a forging action during nugget solidi- 
fication so that thermal shrinkage will not pro- 
mote cracking and porosity. 


Nickel and low-carbon nickel, having properties 
similar to steel, behave like steel. The high-nickel 
alloys generally are harder and stronger than low- 
carbon steel, particularly at elevated temperatures, and 
greater unit pressures are required during spot welding. 
For a given application, the upper limit of pressure 
may be determined where serious distortion and elee- 
trode mushrooming occur. The lower limit of pressure 
will be set by the tendency for expulsion, cracking and 
porosity in the weld. It is important that machines 
have adequate pressure capacity if they are to be used to 
spot weld the high-nickel alloys. Although heavy pres- 
sures are required, the majority of this pressure should 
be derived from spring, air or fluid pressure to minimize 
inertia effects when heavy masses are to be moved in 
very short times. 

3.22 Time. The time of current flow is kept as short 
as possible for the given application. On very thin 
materials this time is held to one or two cycles of 
60-cycle current, while with thicker material the time 
is increased. The use of very short time on heavier ma- 
terial requires the use of extremely high current and 
this results in expulsion, surface burning and incon- 
sistent strengths. The use of too long times promotes 
distortion, electrode mushrooming and inconsistent 
weld strengths. Table 3.31 shows the recommended 
times for various thicknesses and for various combina- 
tions. It will be noted that the thinner member is the 
one governing the selection of machine settings. 

Accurate timing equipment is always advisable but 
is imperative when short times are employed (under 5 
cycles). Electronic switching devices are strongly 
recommended because they produce uniformly accurate 
times and because the time is synchronized with the 
welding current. Magnetic contactors can be employed 
when longer time cycles are used but the strength con- 
sistency of spot welds made with such equipment will 
not be as good as with electronic equipment. 

A relatively new piece of equipment which can be em- 
ployed with phase control electronic timers is called 
“Slope Control.”’* This feature permits the start 
of current flow at a low value and gradually builds it 
up to full welding current over a controlled number of 
cycles. Such equipment tends to reduce expulsion and 
makes possible the welding of dissimilar metals com- 
binations. Stored energy machines and rectified a.-c. 
machines can also approximate this feature. 

3.23 Current. The electrical resistance of nickel and 
low-carbon nickel is similar to steel while that of the 
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high-nickel alloys is generally much higher than that of 
mild steel. See Table 2.1. The current requirements 
are, therefore, the same as, or somewhat less than those 
required for steel and a good deal less than those re- 
quired for aluminum. 

Current is usually the last variable to be fixed when 
developing a machine setting for a given job. The pres- 
sure and time are selected from a table such as Table 
3.31 or from past experience, and the current is varied 
over a range which first produces sticking, then first- 
nugget formation and finally expulsion. A current is 
selected which is just under that which will produce ex- 
pulsion but is somewhat more than the point at which 
first-nugget formation is produced. If this range (nug- 
get formation to expulsion) is too narrow, then other 
values of pressure and time must be selected and process 
repeated. The object is to obtain a machine setting 
which will produce consistent welds despite small varia- 
tions in gage thickness, surface cleanliness, electrode 
diameter, line voltage fluctuations and other variables. 

Normally, it is not a production practice to measure 
the finite value of the current employed. A record of 
the tap setting and phase control setting employed will 
be sufficient usually to enable the operator to obtain 
this same setting in the future. However, such a 
record will not enable the operator to set up the job on 
any other machine nor will it be very helpful if large 
variations in machine throat are frequently being made. 
The additional time required to determine the actual 
current employed by using a pointer-stop-ammeter and 
primary clamp-on transformer or by a calibrated os- 
cilloscope or other means is usually a good investment in 
maintaining records and in trouble shooting. 

3.24 Electrodes. Electrode material generally recom- 
mended for the spot welding of the high-nickel alloys 
are as follows: 


TABLE 3.24 
RWMAt Rockwell | Conductivity 
Material Classification Hardness LA.C.S. % 
Copper Alloy...... Grade A Classi | 68 Rb 80 
Copper Alloy. .... .| Grade A Class 2 | 75 Rb 70 
Molybdenum Alloy . _ 83 Rb | 33 


+ Resistance Welder Manufacturer's Association. 


Normally both electrodes are the same composition 
(have the same conductivity) but occasionally in weld- 
ing dissimilar thicknesses in the same alloy or in welding 
dissimilar alloys, it is necessary to employ electrodes 
with different conductivity. See Table 3.31 for the use 
of molybdenum-faced electrodes when spot welding dis- 
similar thicknesses of Inconel. 

The recommended shape of electrode is a restricted 
dome, thus: 


10- 30° Usually 20° 
Diameter 
RESTRICT FULL _ DOME 
ELEC ELECTRODE 
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The restricted domed electrode is easier to set up 
than the flat, truncated cone electrode and it allows for 
slight deflection of the arms. A 3 in. radius has been 
selected as a good average radius for material up to 
1/, in. thick. The flat-faced electrode or one with a 
dome of 5 or 8 in. radius is sometimes preferred for 
heavier material (0.062 to 0.125 in.) because it gives a 
larger size nugget and correspondingly greater shear 
strengths with a given machine setting. 

The angle of cone is unimportant on the harder ma- 
terials and may be increased to 30° for visibility. With 
a soft material like annealed nickel, however, some 
sticking in the form of mechanical keying will be ex- 
perienced. A low angle of 10° will help to eliminate 
this sticking. . 

Full-domed electrodes such as those employed for 
welding aluminum should not be used for high-nickel 
alloys. Hard alloys resist indentation of a full dome, 
and prevent proper forging, thus tending to promote 
porosity or cracking. The amount of indentation, and 
thus area, is dependent on the temper of the sheet. 
Slight variations in sheet temper will cause inconsisten- 
cies in the weld strengths because of inconsistent weld 
areas. 

Spot-welding electrodes may be lightly dressed with 
fine emery cloth on a rubber-covered paddle or with 
proper tools to maintain their original shape and finish. 
Major removal of metal with a hand file should never be 
permitted. When an electrode needs major repair, it 
should be removed from the machine and refaced in a 
lathe. 


3.3 Welding Procedure 


3.31 Recommended Practices. Table 3.31 shows the 
recommended machine settings for spot welding various 
gages and combinations of gages of nickel, Monel and 
Inconel. The machine settings listed in this table are 
not the only combinations of variables that will produce 
satisfactory welds; however, they are thought to be 
optimum. If other values of pressure, time and current 
are employed, the net result of nugget diameter and 
shear strength can be checked against columns H, I and 
J. 

Tabular data of this nature is not yet available for 
the age-hardenable alloys—Duranickel,* K Monel and 
Inconel X. In general, they may be welded with about 
the same machine settings as the solid solution alloys 
but employing more pressure and somewhat less cur- 
rent to compensate for their greater strength and higher 
resistance, respectively. The nuggets will be about the 
same size as in the solid solution alloys but the shear 
strengths will be higher in the as-welded condition. 
Subsequent age hardening will increase the shear 
strength by about 50%. 

Some cracking may occur when spot welding age- 
hardenable alloys if insufficient pressure is employed. 
When it is not possible to eliminate this cracking by in- 
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creasing the pressure, a long weld time or a pulse of 
post-weld current somewhat reduced from the magni- 
tude of the welding current will help in eliminating 
cracking. It has been reported that less cracking has 
been encountered with machines with low inertia heads 
and with provision for slope control than with conven- 
tional machines and setups. 

3.32 Welding Dissimilar Metal Combinations. Nickel 
and the high-nickel alloys can be spot welded to them- 
selves or to other materials such as mild steel, low- 
alloy steels, stainless steels, some copper alloys, tung- 
sten, molybdenum but not to aluminum or magnesium 
alloys. Table 3.32 outlines the recommended procedure 
for welding some dissimilar metals combinations where 
the two pieces are 0.063 in. in thickness. Satisfactory 
spot welds have been made using these procedures on 
conventional a.-c. machines with low inertia heads and 
using slope control, and on three-phase, direct-current 
dry disk rectifier machines. 

Little investigational work has been done in develop- 
ing machine settings for all possible combinations. The 
number of possible combinations of dissimilar metals in 
dissimilar thickness combinations is almost limitless. 
Most applications have been highly specialized and have 
been solved by the people most interested in the appli- 
cation without extensive reports of the results obtained. 
The practicability of spot welding dissimilar metals 
combinations must be judged on the basis of each in- 
dividual application. The quality of weld obtained 
might be highly satisfactory for a toy or jewelry but the 
same weld might not be satisfactory for aircraft use. 
Before freezing a design which involves spot welding 
such a combination, it is highly desirable to investigate 
the feasibility of making such a weld in production. A 
thorough trial is the only safe procedure. 

The following comments are intended as hints to 
people who must find a procedure to spot weld a dis- 
similar metals combination. 


(a) The greatest difficulty can be expected in a com- 
bination which, when mixed in the weld nugget, forms 
an alloy with undesirable characteristics. Monel and 
steel or stainless and mild steel are two such examples. 
No difficulty will be experienced if an alloy with de- 
sirable characteristics is formed. Any procedure which 
will minimize the mixing of the two base materials in 
the nugget will be helpful. High welding currents with 
short welding times tend to do this. Projection welding 
will also tend to prevent mixing. 

(b) When the resistivity of the two materials and 
their melting point varies widely, a nugget is sometimes 
formed entirely within the high-resistance material and 
no joint is made. High-resistance electrodes against 
the low-resistance material, or small diameter electrodes 
against the low-resistance material and larger diameter 
electrodes against the high resistance material, or a 
combination of both will pull the nugget across the fay- 
ing surface line. 

(c) An unconventional braze type weld where the 
nugget is entirely contained within one material with a 
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braze type adherence to the other material might be 
useful. Such a weld can occur between Inconel X and 
Stainless 347 or between Monel and steel. (See Fig. 
3.32 (c).) 


18 X 


Fig. 3.32(c) Braze type weld (Monel to steel). 


(d) Test the resulting weld for impact strength or 
fatigue strength if these qualities are important to the 
The welds formed may be brittle and may 
(See Par. 3.5.) 


product. 
not exhibit this trait in a simple test. 


3.4 Defects 


Any good manufacturing process requires a good in- 
spection and contro] system to judge the quality and 
consistency of results and to take appropriate action 
when quality falls below a preset standard. Spot weld- 
ing is a good production tool which will yield con- 
sistency of result in the same order of magnitude as re- 
sults from lathes, screw machines or punch presses. 
Unfortunately, the means of testing spot welds are not 
as simple as the use of micrometer caliper, and the re- 


sults noted are not as easy to interpret and to correct 


for. 


be found in spot welds. 


3.410 Surface burning or spitting. 
3.411 Expulsion. 

3.412 Excessive indentation. 

3.413 Distortion. 

3.414 Porosity. 

3.415 Cracking. 

3.416 Intergranular melting (coring). 
3.417 Misplaced nugget. 

3.418 Misshaped nugget. 

3.419 Low Strength. 


These defects are no different from those found in the 
spot welding of other alloys. Because the high-nickel 
alloys are used in places where their special properties 
will show economic advantage, and generally applied in 
the thinnest sections possible, the effect of these defects 
may be more pronounced. 

3.410. Surface burning can be caused by: 


1. Dirty material or fouled electrodes. 
2. Too much penetration of nugget. 
3. Improper machine sequence. 


Under certain conditions, the following defects can ‘ 
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TABLE 3.31 
Recommended Conditions for Spot Welding Annealed Nickel Sheet 
ASTM (B-162-49T) 
— — = — = 
A B c D | E | F G J 
Thickness Di El di Weld Weld | Minimum | Minimum | Diameter Average Minimum 
ine = Force Time Current Contact Weld Fused | Shear Shear 
Ibs. cycles amps Overlap Spacing Zone Strength Strength 
| Top | Bottom - | psi. 
0.005 to— | | 
0.005 3% 100 3 7,100 34 | 0.10 40 30 
0.010 i Sp 100 3 7,400 M tie | 0.10 45 35 
0.015 110 3 7,500 % | 0.10 | 48 40 
0.021 110 3 7,800 M4 ly 0.10 58 45 
0.031 110 3 8,000 4 0.10 63 | 50 
0.063 * 316 115 3 8,100 4 % 0.10 65 | 50 
0.093 115 3 8,150 4 % 0.10 65 50 
0.125 | 8,200 M4 5% 0.10 | 68 | 5S 
0.010 t | | | 
0.010 | 130 3 11,800 | m | ws 
0.015 130 3 11,90 | 34 0.12 | 18 | 145 
0.021 % | 130 3 12,000 0.12 
0.031 | % | 130 3 12,200 4 Ne 0.12 | | 
0.063 3x2 % 140 3 12,300 4 
a. fee ~ 0.12 | 260 210 
0.125 150 3 12,500 | 4 5% 
| 
0.015 to— 
0.015 | | 3 12,300 | Ne 0.12 225 180 
0.021 % | ~@ | @ 3 12,500 M 1 0.13 310 250 
0.031 Me 3% 250 3 12,600 4% \% 0.13 | 3590 | 280 
0.063 | 260 3 12,800 % | 300 
0.094 46 % | 260 3 13,000 % 5% 0.13 380 | 305 
0.125 % | 260 3 13,1300 54 0.13 390 | 310 
0.021 to— | 
0.021 % | 4 7,800 % 012 | 40 | 39 
380 | 4 | 8800 0.12 535 430 
0.125 5% 380° 4 9,000 | 34 0.13 566 450 
| | | 
| 
0.031 to— | 
0.031 900 4 15,400 | 0.18 950 760 
(0. 3 13, 
3% 0.18 1160 930 
0.125 980 6 | 14,200 1 . 
0.063 | 
to— | 
- 0.063 4% 4 | 170 | 6 21,600 % 1% 0.25 3000 2400 
0.094 % 4% | 1800 8 | 20,000 % 1% 0.25 3188 2550 
0.125 4 % | 1800 | 10 | 21,000 % 134 0.25 3316 2650 
| } 
q 0,094 to— | 
(0.094 | 2300 | 12 | 26,400 34 1% 0.31 4500 3600 
0.125 % 5% | 2300 | 2 «| ~ 25,400 % 2 0.31 4720 3780 
0.125 to— | | 
0.125 | % 3% «63300 «| 331,000 % 2% 0.37 | 7000 5600 
ials, Class 1 Class 2 
1. Material should be free from scale, oxides, paint, grease and oil. Mini RNR IR 68 Rb 75 Rb 
2. Electrode shape be on rather in om 4. Minimum mpacing, spacing for two for = 
shear s' nugget jiamet ju 
shown = the table. sae ie — adjacent welds. For three pieces increase spacing 30 percent- 
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A 


Thickness | 
inches 


0.005 to 
0.005 
0.010 
0.015 
0.021 
0.031 
0.063 
0.094 


0.125 


0.010 to— 
0.010 
0.015 
0.021 
0.031 
0.063 
0.094 

0.125 


0.015 to— 
0.015 
0.021 
0.031 
0.063 
0.093 
0.125 


0.021 to— 
0.021 
0.031 
0.063 
0.093 
0.125 


0.031 to— 
0.031 
0.063 

0.094 

0.125 


0.063 to— 

0.063 
0.093 
0.125 


0.093 to— 
0.093 
0.125 


0.125 to— 
0.125 


TABLE 3.31 (Continued) 
Recommended Conditions for Spot Welding Annealed Monel Sheet 
ASTM (B-127-49T) 


B c D E F | 
Electrode | | 
Diameter Electrode Weld Weld M Mi Diameter Average Minimum 
Force Time Current Contact | Weld | Fused hear Shear 
Ibs. cycles amps Overlap | Spacing Zone Strength Strength : 
Top Bottom | in. in. in. psi. psi. 
5 | 
220 2 5,000 | \4 0.10 70 | 55 
| 220 2 | 6,100 0.10 76 60 
220 2 7,000 | 0.10 94 75 
220 | 3 A 
56 \4 4 | ‘ 
4 { 
4 
5% 4 
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270 2 7,200 0.12 180 

539 280 2 8,600 | 0.12 196 

| 280 | 3 8,200 \y 56 0.13 214 

300 4 8,800 3% 0.13 236 

300 4 9,200 0.13 238 

% 325 4 9,900 \% ly | 0.14 268 
4 4 


Ye 300 2 8,600 0.13 310 250 
300 6 | 8,200 0.13 368 295 

325 9,300 A % 0.13 376 300 
5 325 id 9,400 \Y % 0.14 436 | 350 } 
% | 325 R 9,500 4 0.14 448 360 
% 325 R 9,500 0.14 456 365 


446 300 | #12 | 620 | %& | % 0.13 560 450 
% | 325 | 42 | 6,800 | 0.13 $78 | 460 
46 | 325 | 12. | 7,200 | | 0.14 624 500 
% | 32 | 12 | 7,70 | % | % | 0.14 660 | 530 
% 325 | 12 8,200 | 3% =. 0.14 692 | 550 
| 
| 
700 12 10,500 | % | 0.17 | 845 
750 12 11,200 | | ™% 0.18 1138 910 
% 775 12 11,400 | 0.19 | 1296 1035s 
| 


12 15,300 | % | 
15,900 


0.37 


22,600 


30,000 % 


1. Material should be free from scale, oxides, paint, grease and oil. 
2. py shape may be flat rather than domed, in which case the 
shear strengths and nugget diameters will be higher and larger than 
shown in the table. 


. Electrode Materials, 
Minimum conductivity . 
Minimum hardness 


4860 


7300 


80% Cu” 78% Gu 
8Rb Rb 


. Minimum weld spacing is that spacing for two pieces for t— no 


| 2060 
2180 


3880 


5850 


Class 1 or Class2 


A 


current 


specia’ 


| precautions need be taken to « 
effect de 


adjacent welds. For three pieces increase 


Wilson, Jr.—Resistance Welding Nickel 


or 
spacing 30 percent. 
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| 
bed = = 
| 
- | 
| 
145 
5 3 
|} ss 
| 
| 
| 190 
190 
| 210 
5% | 220 
| 
% 
*% 
q 
3% 
346 | 
% 
| | | 
% 2700 1% | 0.31 2734 | 
5% % | 2700 12 | 16,200 | % | 1% | 0.32 2944 2360 
| | 
34 % | 270 | | | 1% | | 
% | 2760 | 2 | 25,000 5480 | 4390 
| | 
| 
|| 16 % | 5000 30 0.47 | 
NOTES: 3 
= 


TABLE 3.31 (Concluded) 
Recommended Conditions for Spot Welding Annealed Inconel Sheet 


ASTM (B-168-49T) 
A B c D E F G H I J 
Thickness Diameter Electrode Weld Weld Minimum um Diameter Average Minimum 
Top Bottom in. in. in psi. psi. 
0.005 to— 
0.005 5x 300 2 7,000 0.11 90 70 
0.010 300 4 5,300 0.12 125 100 
0.015 5¢* 3% 300 4 5,500 4% 4 0.12 135 105 
0.021 5@* 3% 300 6 4,800 \y 5% 0.13 140 110 
0.031 5¢* 325 6 5,400 3% 0.13 150 120 
0.062 5¢* 54 325 6 5,600 4% ¥% 0.15 172 135 
0.094 5¢* 54 325 6 5,800 \y % 0.16 184 145 
0.125 5¢* % 325 6 5,600 \% % 0.15 160 130 
0.010 to— 
0.010 320 4 7,500 4 0.12 220 | 
0.015 % 320 4 5,500 0.13 270 | «215 
0.021 5¢* 3% 320 6 5,100 0:13 270 
0.031 350 6 5,600 % 0.14 360 | 290 
0.063 % 400 5,500 % 0.14 395 | 315 
0.094 56 400 6 5,800 0.15 350 
E 0.125 5¢* % 400 6 | 4,600 4 3% 0.14 | 365 | 370 
0.015 to— | 
0.015 360 6 | 7600 0.12 | 370 295 
, 0.021 6 % 360 6 | so | % 4 0.12 | 360 290 
0.031 5¢* 3% 400 8 4,600 % 0.13 | 460 370 
0.063 5¢* 5% 400 8 | 4,700 \y 5% 0.13 | SSO | 440 
0.094 %* 56 400 10 4,700 \y lg 0.16 670 | 535 
0.125 % 400 12 4,600 3% 0.16 700 560 
0.021 to— 
0.021 5g 300 12 4,000 5% % 0.12 680 545 
0.031 Sy 3% 350 12 4,100 5% % 0.12 670 535 
0.063 %* 5% 400 12 5,300 5% 15g 0.12 775 580 
0.094 %%* 34 500 12 5,900 % % 0.15 828 670 
0.125 36° 5% 550 12 6,300 % 0.15 860 690 
0.031 to— 
0.031 3% % 700 12 6,700 3% % 0.18 1150 920 
0.063 5% 700 12 7,100 5% 0.18 1210 965 
0.094 5% 700 12 8,300 3% 0.20 1565 1250 
0.125 750 12 8,500 % 0.20 1510 1210 
0.063 to— 
0.063 % % 2070 12 12,000 5% 1% 0.31 3450 2750 
0.093 % % 2450 16 12,000 5% 1% 0.31 3420 2750 
0.125 3% 2600 20 12,000 % 1% 0.32 3530 3820 
0.093 to— 
0.093 % % 3870 20 15,000 % 1% 0.37 5500 4400 
; 0.125 % % 5100 30 20,000 % 1% 0.40 5880 4700 
0.125 to— 
0.125 % % 5270 30 20,100 % 15% 0.44 8000 6400 
Indicates ybdenum electrode. Electrode Materials, 
the‘ Minimum weld spacing ie that spacing for two pieces for which no 
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TABLE 3.32 


Recommended Conditions for Spot Welding Some Dissimilar Metals Combinations 


D E G H I 
| Min. Weld | Diameter 
i Zone 


Nickel—mild steel......... 
Nickel—low alloy steel (8630)... 0.063 
Nickel—stainless steel’... ... 


Nickel—Inconel. 


| 

Monel—mild steel. ....... | 0.063 1600 
Monel—low alloy steel any: 0.063 % | 1600 
Monel—stainless steel'..... .| 0.063 1800 


Inconel—iow alloy steel (8630)... 
Inconel—stainless steel! . . 
Stainless'—mild steel. 

Stainless'!—low steel (8630) 


10 16,200 | % | 1%” 0.25 2200 
10 14,500 | % 1” | 0.25 2350 


| &% 
14 17,500 5% 134” | 0.25 2300 
14 | 16,800 54 1%” | 0.25 2450 
14 16,000 5% 14%" | 0.25 2800 
.23 
.25 
16 14,000 1%” | 0.28 2950 
14 18,000 144” 25 | 2170 
14 17,500 5% 14” | 26 | 2400 


18-8 Stainless. 
? Class III electrode 
Electrodes RWMA 


inst nickel sheet. 
ass II 3” Radius of Dome. 


Usually simple visual inspection will be sufficient to 
observe surface burning. To eliminate, clean the ma- 
terial (see Par. 2.2) or replace the electrode, or reduce 
the current, or see that the current is turned off before 
the machine pressure is released. Slope control in the 
weld timer has been accredited with reducing surface 
burning. 


Fig. 3.410 Spitting or surface burning. 2 X 


8.411. Expulsion can be caused by: 


1. Welding too near an edge. 

2. Welding on dirty material. 

3. Welding with toolittle pressure or too much 
current. 

4. Using part of the machine pressure to form 
the parts. 


Simple visual examination, particularly at the time 
of welding, will disclose expulsion. Radiographic ex- 


amination is the best method of noting expulsion al- 
though it can be seen in tensile shear tests and in other 
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destructive tests. To eliminate, use a wider flange and 
be careful of fit of parts, clean the material, decrease 
the current or increase the pressure. Slope contro] has 
also been helpful in eliminating expulsion in difficult 
cases where the usual corrective procedure cannot be 
employed. 


Fig. 3.411 Section of a weld from which metal has been 
expelled. 50 X 


3.412. Excessive indentation can be caused by: 


1. Too long a welding time. 
2. Too much machine pressure. 
3. The result of expulsion. 


Visual examination or measurement with a microme- 
ter depth gage is sufficient to detect excessive indenta- 
tion. A maximum allowable indentation of 5% of the 
total thickness being welded is a common specification 
requirement. Zero indentation is extremely difficult to 
achieve since some of the indentation is caused by 
shrinkage of the weld nugget. Indentation can be 
minimized by decreasing the welding time, decreasing 
the welding pressure (but only if this pressure is very 
excessive), eliminating expulsion, using a flat electrode 
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Force T gth 
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1500 
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> 1800 12 00 
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0.063 2500 
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on the most important side (the opposite side will have 
a correspondingly deeper indentation) or by resorting to 
projection welding. 


Fig. 3.412-3.413 Excessive indentation and distortion in a 
spot weld. 


3.413. Distortion can be caused by: 


1. Excessive indentation. 

2. Expulsion. 

3. Misalignment of electrodes or excessive 
welder arm deflection. 


Distortion can be measured by sectioning the pieces 
and measuring the width of gap between sheets. 
Usually 10°, of the thinner piece is allowable. To 
minimize distortion, see 3.411 and 3.412 above. 

3.414. Porosity can be caused by: 

1. Expulsion. 

2. Dirty material. 

3. Insufficient pressure. 

4. A combination of materials which is prone 
to cause porosity. 


Fig. 3.414 Porosity in a spot weld. 100 X and 10 x 
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Porosity will be found in a certain percentage of all 
spot welding. Usually this percentage is around 5 to 
10% of the welds. If the cavity is small, round and 
nearly central to the weld, there is no evidence that 
such porosity will adversely affect the mechanical 
properties of the weld. Only when the porosity is large 
with respect to the weld, or when it has sharp, irregular 
outlines will it tend to affect the mechanical properties 
of the weld. Radiographs disclose all porosity. Sec- 
tioning and etching will also disclose porosity but only if 
the cavity is included in the section. To minimize 
porosity, use clean material and avoid expulsion (see 
3.411 above). Unit pressure must be high. Sometimes 
a combination of dissimilar metals will be prone to give 
porosity. Usually it is possible to find a machine 
setting which will minimize this condition (see Par. 


3.32). 


Fig. 3.415 Cracking in a seam weld. 25 


3.415. Cracking can be caused by: 


1. Expulsion. 

2. Insufficient pressure. 

3. A combination of metals tending to be hot 
short. 

Cracking in spot welds usually is contained entirely 
within the weld. Radiographic examination will dis- 
close a “crow’s foot” in the center of the weld. Section- 
ing and etching will show one or more cracks normal to 
the surface. (See Fig. 3.415.) Usually a magnification 
of about 100 X is required to identify a crack positively. 
A crack in a spot weld may tend to propagate and lead 
to ultimate failure of the structure. Cracking can be 
eliminated by eliminating porosity, using high unit 
pressures to forge the weld during nugget solidification 
and in exceptional cases where sufficient pressure cannot 
be employed, or where the metal combination has an 
unusual cracking tendency by using pulsation welding, 
or by following the weld period with an additional pulse 
of power of lower current to spread the heat over a 
larger area in order that shrinkage stresses will not be so 
greatly localized. 

3.416. The high-nickel alloys exhibit a phenomenon 
that has been called “coring.” Examination of Fig. 
3.416 (a) will show small defects at the corners which at 
low magnification appear to be cracks. If these areas 
are examined at higher magnification as in Fig. 3.416 
(b), it will be seen that dendritic material completely 
fills these “eracks.”’ It is thought that melting along 
the grain boundaries takes place at critical pressure 
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Fig. 3.416(a) Typical weld made in 0.062 in. weneete’ 
Monel sheet at recommended welding conditions. 8.5 


We 


70 X 


Center of weld shown above, 


areas where there is a change in stress due to the shape 
of electrode. So far, 
that this coring is detrimental to the mechanical proper- 
ties of the Cracking in the high-nickel 
should be examined at high magnification to determine 


there has been no evidence to show 
weld. alloys 


whether they are true cracks or only coring. 


Fig. 3.416(b) Section of a Monel weld showing typical 
structure appearing at the edges of the weld. 300 


A misplaced nugget may be caused when: 
1. Welding dissimilar thicknesses of the same 
metal. 
2. Welding dissimilar metals. 
3. Combinations of | and 2. 
4. Uneven sizes of electrodes or electrodes of 
different materials. 
See Section 3.32 for a discussion of the methods used 
to center the nugget on the faying surface. 
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Fig. 3.417 


Misplaced nugget in Monel-Nickel spot weld 
showing nugget located entirely in Monel. 


18 


3.418. Misshaped nuggets can be caused by the 


following: 


1. Mis-shaped clectrodes. 


2. Misaligned electrodes. 


Ring 
3. Too much tip radius. Wel 


Radiographing will disclose the mis- 


shaped welds in the plane of the sheets. 


presence ol 
Sectioning and 


etching will disclose the presence of misshaped welds in a 


plane normal to that of the sheet. To eliminate mis- 
shaped nuggets, use only electrodes that have been 


Do not dress electrodes with a file (see 
3.24). Be sure the 


aligned, and be sure that too small a radius is not used. 


machine cut. 


Section electrodes are properly 


Fig. 3.418 Misshaped nugget conced by misshaped elec- 


trodes. 
3.419. Low strength in a spot weld can be caused by: 


1. Toosmall a weld for the sheet thickness. 

2. No fusion, but only a ‘“‘stuck’’ weld. 

3. Defects such as expulsion, cracking, or major in- 

dentation. 

A simple tension shear test of a spot weld will fail by 
shearing through the nugget if the nugget is too small or 
by tearing the sheet in a button type failure if the 
nugget is above a certain minimum size. For the high- 
nickel alloys, the following nugget size will insure failure 
by tearing the sheet. 


TABLE 3.419 


Weld Diameter 


Ratio ——— 
Sheet Thickness 
Material 
Annealed 4 Hard 
Nickel. ‘ 3 314 
Inconel... . . 4 
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Of course, if no nugget is formed and the weld is 
merely a “stuck’’ weld (pressure weld), failure will al- 
ways occur through the weld. Unfortunately, the high 
shear strength of stuck welds in high-nickel alloys gives 
the erroneous impression that these welds have good 
mechanical properties. Such is not the case. Stuck 
welds are poor in fatigue and impact loading, and have 
very low ductility. 


3.5 Tests for Welds 


The above discussion of defects in welds has men- 
tioned several tests of spot welds which are used to dis- 
cover defects and to evaluate the welds. The following 
tests for welds are used on the welding floor and in the 
laboratory. 


3.516 Cross-tension test 
3.517 U-tension test 
3.518 Shear-impact test 
3.519 Drop-impact test 
3.514 Tension shear test 3.520 Fatigue test 
3.515 Macroetch test 3.521 Hardness test 


3.510. Visual inspection will disclose defects on the 
surface such as surface burning, indentation and expul- 
sion near an edge, but it is never sufficient to fully 
evaluate the quality of a weld. 

83.511. Radiography is the only nondestructive test 
for welds, aside from visual inspection. It is the most 
dependable way of determining the presence of such de- 
fects as porosity, cracking, expulsion and misshaped 
nuggets. In the high-nickel alloys it is a valuable tool, 
but it will not give indications of strength. 

3.512. The peel test is a common test used in many 
shops where spot welding is done. This test consists 
of prying the sheets apart and peeling one sheet back 
over the other in “can opener” fashion. If failure occurs 
by shearing through the nugget, the weld is considered 
unsatisfactory. If failure occurs by tearing a button 
from the sheet, the weld is considered satisfactory. 
The peel test is not considered satisfactory for the high- 
nickel alloys. The very low-strength welds will fail by 
shear through the nugget, but some “stuck’’ welds will 
pull buttons. 


3.510 Visual inspection 
3.511 Radiographic test 
3.512 Peel test 

3.513 Twist test 


3.513. The twist test consists of twisting the two 


_ sheets apart about an axis perpendicular to the sheet 


_ and at the center of the weld. The torque required and 
' the angle of twist attained before final separation are 
approximate measures of the strength and ductility of 
the weld. This is a good shop test to evaluate approxi- 
mately what results can be expected in the tensile 
shear test. No special equipment is required. It is not 
strictly quantitative although some attempt has been 
made to make this test more quantitative. Stuck welds 
will shear free with a very small angle of twist. Good 
welds will shear after 90-180° twist depending some- 
what on inherent ductility of material in the temper 
tested. 
3.614. The tension shear test is the most common 
strength test used in evaluating spot welds. It gives a 
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good indication of the strength of the weld but does not 
indicate how the weld will behave under impact or 
fatigue, and does not indicate the order of ductility of 
the weld. This test is useful for shop setup and control 
work and also for laboratory investigations. 

3.515. The macroetch test is very simple and ex- 
tremely useful in evaluating the quality of weld. The 
procedure is to: 

1. Seribe a line through the center of the weld to be 
examined. 

2. Cut to one side of the line with a hacksaw, power 
saw, cut-off wheel or other means. 

3. File to the line, then polish with fine emery cloth. 
The degree of smoothness required will depend on the 
amount of magnification used in examining the section. 
For visual or low magnification of 5-10 X, a good fine 
file finish is usually satisfactory. For higher magnifica- 
tion a greater degree of polish is desirable Metallo- 
graphic techniques for polishing can be used but they are 
not essential. 

4. Etch the surface with a suitable etchant which will 
remove the burrs and flowed surface and which will dis- 
close the structure of the weld with sufficient contrast 
for satisfactory visual examination. Sometimes too 
drastic an etch will produce “defects’’ which are not 
there. The degree of etch is somewhat dependent on 
the power of magnification to be used in inspecting the 
weld. The following table will suggest suitable etchants 
for macroscopic examination. 


TABLE 3.515 
Macro Etchants for Weld Examination 

Material Etchant Number 
1 

Make-up of Formulae 
1 23 | 3! 

Nitric Acid, Conc................ Vv | 3.0 ce. 
Hydrochloric Acid............... | 10 ce. 
Oxolic Acid, 10 per cent.......... Vv 
Ammonium Sulphate (NH,): (SO,) 1.5 grams 
Ferric Chloride (FeCl;)........... 25 grams | 


1. Warm the parts for faster action. 


2. Mix solution as follows: 
a. Dissolve (NH,): (SO,) in H,0. 
b. Dissolve powdered FeCl; in HCl. 
c. Mix (a) and (b) and add HNO,. 


3. Electrolytic. 
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5. Examine the section for defects and measure the 
diameter of weld and penetration of weld with a scale. 

This entire procedure takes about 5 min. to perform. 
A friction cut-off wheel and polishing buffs will aid in re- 
ducing the effort and time consumed. 

3.516 to 3.521. Special tests are frequently required 
for welds employed in special applications. (See third 
reference in Bibliography, Section 8.) The tests listed 
above are generally not used for the usual spot weld 
evaluations. 


3.6 The Need for Tests 


The actual tests employed depend upon the impor- 
tance of the structure being welded and upon the avail- 
ability of equipment. Obviously, some of the testing 
equipment is expensive and its use can only be justified 
if the quality of welding must be maintained at a high 
Conversely, some of the tests require very little 
There 


level. 
expenditure of money for equipment and time. 
is no excuse for not employing the visual examination 
(3.511), the twist test (3.513) and the macroetch test 
(3.515) as very minimum tests for observing and con- 
trolling the quality of welds. When the size of weld is 
measured by the macroetch test and correlated with 
tabulated weld sizes such as those shown in Column H, 
Table 3.31, or in similar test data, the strength of the 
weld can be estimated with surprising accuracy. 

One test of welds at the beginning of production is 
not sufficient. Periodic inspection of welds is necessary 
to be certain that the quality of welding is being main- 
tained. Welds should be tested at the beginning and at 
the end of short production runs. Longer production 
runs should be tested at least every two hours in addi- 
tion to the start and finish. 


4. PROJECTION WELDING 


Since projection welding is a special form of spot 
welding, many of the foregoing comments on spot weld 
ing refer with equal force to projection welding. In 
order to avoid repetition, only those subjects which re- 
late specifically to projection welding will be discussed. 

Projection welding has the following advantages: 

(a) Projections can be put on small areas where spot 
welding is not possible. 

(b) More than one weld can be made with one stroke 
of the machine. The number welded at once is only 
limited by the pressure and current available from the 
machine and by current distribution. 

(c) Long electrode life. 

(d) Electrode marking can be practically eliminated 
on one side. 

(e) Difficult dissimilar metals combinations are com- 
mercially possible. 

It also has the following disadvantages: 

(a) All projections should be seated in one blow. 

(b) A prior operation is necessary to form the projec- 
tion. 
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(c) Special welding dies are necessary. 

On high production welding of small parts or the 
welding of small parts to large parts, the advantages far 
outweigh the disadvantages. 


4.1 Design Considerations 


Projections in sheet material are usually made on a 
punch press. Most frequently the projections can be in- 
cluded in a blanking or forming operation by slightly 
altering the dies. The height of a projection is governed 
by the thickness of the piece to which the part bearing the 
projection is to be welded. Usually this height will be 
around 80% of the thickness for thin materials and a- 
round 50% for thicker materials. Where a choice exists, 
the projection should be placed in the heavier piece or in 
the piece having the higher conductivity. The shape of 
the projection should start with an initial point or line 
contact. The size of a projection should bear a certain 
relationship with the size of the weld desired. Usually 
the weld is larger than the projection size so a projection 
size of 3 or 4 times the sheet thickness is common. 

One convenient way of making a projection die is to 
select a ball bearing of the desired size and sink it about 
half-way into a soft tool steel block. Surface grind the 
face to get the correct projection height. Drill a small 
hole through the block to vent air and oil during the 
punching operation. Harden the die. The punch is a 
truncated cone of the same volume as the impression in 
the die. 


Ball 
Bearing 


It is generally more economical to use two or more} 
round projections rather than one elongated projection.§ 
Elongated projections should only be used when thera 
is relative movement between parts during welding and! 
then the projections should be elongated in the direction} 
of motion. . 

Projections may also be machine cut on bar stock or 
may be formed in a heading operation. 

Hardware in the form of nuts, bolts, bosses, angles, 


Elongated 
Projection 
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Ba\\ 
Soft Y Sunk 3 
Steel 
Material 
Drill YU 
S 


ete., are available commercially* with projections for 


welding. 


4.2 Equipment 


Projection welding of small parts can be done with 
flat electrodes in the conventional spot-welding ma- 
chine. Larger pieces will require dies too cumbersome 
for such attachment. These larger dies are attached by 
T bolts to the platens of a projection welding machine or 
a combination spot and projection welding machine. 

}.21. Dies and Fixtures. Special projection welding 
dies are required for each job. The current-carrying 
portions of these dies may be made of copper for short 
runs or hard copper alloys for longer runs, or for very 
long runs the tungsten-copper alloys. The R.W.M.A. 
tables may be referred to for the best recommendations. 
The lower die usually contains some locating device so 
that the parts can be placed in the correct relative posi- 
tion prior to machine operation. The locating devices 
are much like those employed in punch press operation 
with the exception that the locating pins must be insu- 
lated so they will not carry current. 


4.3 Welding Procedure 


The welding machine settings used for projection 
elding are seldom recorded and published for general 
se. Usually the shape of projections, size of parts and 

‘ation of projection on special parts are so specialized 

at little general information can be gleaned from ma- 

ine settings used on specific jobs. On the other hand, 
is not difficult to obtain a machine setting once the 
rts are made. The welds obtained by trial can be in- 

scted by the methods described in Section 3.4. 

Ohio Nut & Bolt Co., Berea, Ohio; Midiand Steel Products Co, Mid- 


Mich 


Fig. 4.31 Section of a cross-wire weld showing pronounced 
oxide layer at weld interface and relative grain size. 100 * 
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4.31 Cross Wire Welding. A special form of projec- 
tion welding is self-explanatory in the name cross-wire 
welding. A natural projection occurs due to the shape 
of the parts. This process is used in the fabrication of 
screens of nickel and nickel alloy wires and in the manu- 
facture of pickling equipment. Flat electrodes are 
recommended. Material cleanliness is imperative if 
consistent strengths and corrosion life are to be main- 
tained. Figure 4.31 shows a photomicrograph of a 
cross-wire weld illustrating a pronounced oxide layer at 
the weld interface which occurred because the material 
was not clean. Table 4.31 gives the recommended weld- 
ing condition for various sizes of wire in nickel, Monel 
and Inconel. 


TABLE 4.31 
Recommended Conditions for Cross Wire Welding 


Firing Time Current, 


Wire Diam., Electrode | 
In. Pressure, Lb. Cycles Amp. 


NICKEL 


INCONEL 


4.32 Projection Welding Dissimilar Metals. It is 
frequently possible to join a dissimilar metals combina- 
tion successfully by projection welding when such a 
combination is difficult to do by spot welding. No 
specific information is available, but it is usually recom- 
mended that the projection be placed on the material of 
the higher conductivity. A trial of the combination 
should be judged by tests which will disclose the quality 
of the weld which is most important. 


44° Defects 


The defects found in projection welds are generally 
similar to those found in spot welds. Such defects are 
discussed in Paragraph 3.4. 

An additional defect peculiar to projection welding 
occurs when insufficient current or time is employed and 
the projection is not seated home. In a good projection 
weld the parts should be in tight contact after welding. 
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180 3 | 4500 
360 6 7000 
90 2 | 
14-56 90 2 2400 
180 6 5000 
MONEL 
200 3 3700 
400 6 5700 
: le-% 100 2 1790 

100 2 1950 
200 3 4050 
125 | 2 1050 
250 3 2300 
ig-ig 500 | 6 3600 
125 2 1100 
125 2 1200 
250 3 2500 


1.5 Test Procedure 


Test procedures similar to those employed for spot 
welds should be used to judge the quality of the weld 
obtained. Tensile tests or twist tests are best per- 
formed on the actual assemblies going through produc- 
tion. Because of the infinite variety of shapes run into 
it is not possible to tabulate data concerning such tests. 
Neither is it possible to reduce these to pounds per 
square inch values. Usually a satisfactory control can 
be obtained by periodic testing and comparison of the 
results obtamed against past performance. 


5. SEAM WELDING 


Seam welding is a special form of spot welding in 
which the domed electrodes of the spot welder are re- 
placed with wheels, or one wheel and a platen. As the 
wheels roll over the work, the current is turned on and 
off in a regular pattern such as: two cycles on, four 
eveles off—repeated. A series of spot welds is the result. 
If the wheel speed and the time cycle have been adjusted 
so that a series of overlapping spot welds results, the 
By increasing the spot spacing, a 
This method of producing 


seam will be gas tight. 
stitch weld is produced. 


TABLE 5.3 
Recommended Conditions For Seam Welding Monel 


evenly spaced spot welds is much faster than similar re- 


sults obtained on a spot welder. 

The high-nickel alloys have been seam welded in 
thicknesses from 0.002 to 0.125 in. Unfortunately there 
is a little factual data published at this time. It is not 
difficult to develop a machine setting for a given appli- 
cation. Many of the foregoing comments on spot weld- 
ing apply with equal force to seam welding. In order to 
avoid repetition, only those subjects which refer spe- 
cifically to seam welding will be discussed. 


5.1 Design Considerations 


Usually an overlap greater than that required for spot 
welding is necessary for seam welding. Since most seam 
welding is guided by hand, a generous overlap is neces- 
sary to permit the wheel to be guided in the proper path 
without rolling off the edge. If it is necessary to have 
less overlap in the finished article, it is always possible 
to trim the edge after welding. Where it is necessary to 
seam weld into a corner or up to an obstruction such as a 
flange, two alternatives are possible. The wheel may 
be notched to clear the obstruction or the seam weld 
may be finished out by spot welding. Usually it is not 


necessary to build fixtures or jigs for seam welding. It 


WELDING VARIABLES 


SET-UP VARIABLES 


Elects ode Shape 


Timing Cycle 
(Cycles) 


FUSION ANALYSIS 
Weld | Wheel Width 
Spacing| S Welding of w Weld 
welds | (in Current | Fused eld | Penetra- 
(Amps.) Overlap 


19,000 


0.062"—16 d= 3%” § 
R= 6" 2400-2600 | 6-10 | 8-15 | 7-11 | — | 16,000 | 0.0- | 0-15% | 0-40% | Permissible J 
21,000 | 0.25 range : 
700 4 12 | 12 | 19 | 10,000 | 0.15 | 20% | 40% | Optimum § 
0.031" —22 d= 3%" 
R=6 600-800 3-6 | 8-15 | 10-14 8,500- | 0.0- | 0-25% | 0-45% | Permissible 7 
Electrodes 600 oi mR 11 22 | 9,500 | 0.15 | 10% | 35% | Optimum 
> gee 500-700 2-4 | 8-15 | 10-12 8,000- | 0.0- | 0-15% | 0-40% | Permissible | 
0.021"—25 | 10,000 | 0.18 Range | 
“Electrodes | | 500 ee ae 12 | 38 | 8,700 | 0.15 | 20% | 40% | Optimum 
| 400-600 1-3 | 4-8 | 10-14) — | 7,200-| 0.0- | 0-25% | 0-50% | Permissible 
0.021"—25 | | 8,900 | 0.18 range 
Electrodes 300 1 | 3 12 | 75 | 7,600 | 0.10 | 15% | 35% | Optimum 
Burnished | d= 5g” 
= 6’ 250-350 | 1%4-1144| 2-4 | 11-13) — | 6,800-| 0.0- | 0-20% | 0-40% | Permissible 
0.015"—29 | 7,800 | 0.11 range 
Electrodes | 200 .- 22 12 | 75 | 5,300 | 0.09 | 15% | 30% | Optimum 
Burnished | d= 5%” -| - — 
| 150-250 | 14-144] 2-4 | 11-13| 4,800- | 0.0- | 0-20% | 0-35% | Permissible 
0.010"—32 | | 5,300 | 0.10 range 
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| 
Thickness R Electrode 
and Force | 
Gage (Lbs.) | 
/ “On” | “Off” mn.) min.) | 
F sdk | time | time | | | | | 
2500 12 9 20 | (0.17 10% 35% | Optimum | 
= = — = = = 


is simpler to hold the pieces in correct relation to each 
other and spot weld them together in an operation prior 
to the seam welding operation rather than to depend on 
jigs to hold the proper relationship. Sometimes the 
spot welding can be done on the seam welding machine, 
although this is not particularly good practice. 

The strength of a properly made seam weld is always 
stronger than the base materials. If a tension test or a 
pressure test of a seam weld is carried to failure, the 
material should fail by tearing outside the weld. Be- 
cause of this fact, strengths of seam welds are not 
tabulated as they are for spot welds. 


5.2 Equipment Considerations 


Seam-welding equipment for welding the high-nickel 
alloys must be strong and rigid enough to exert the force 
needed for welding. In addition, the current capacity of 
the machine must be large enough to produce a proper 
weld in a short time. The current requirements for 
Inconel will be similar to those for stainless steels, but 
more current will be required for Monel and nickel since 
these alloys have lower resistance. (See Table 2.1.) 

Cleanliness as discussed in Section 2.2 is vitally im- 
portant to seam welding. 

Electronic timers for interrupting the current are 
strongly recommended over magnetic contactors. 


5.3 Welding Procedure 


Recommended practices for Monel are given in Table 
5.3. More data are being developed at this time and will 
be published as soon as available. 

In general, the following principles will apply: 

5.31. The welding pressure must be high in order to 
forge the solidifying nugget and prevent cracking and 
porosity. The upper limit of pressure is indicated by 
major distortion and wheel mushrooming. The reason- 
ing for seam welding is similar to that for spot welding 
discussed in Section 3.21. 

5.32. The weld should be made in as short a time as 
possible considering the current demand of the machine 
nd the desirability of avoiding expulsion. If the ‘‘on’’ 

ime is short, the electrode wheel does not roll off the 

ot before solidification takes place. Long “on’’ times 

ill allow the wheel to roll off the weld during nugget 

lidification. The resulting weld may have porosity 

d cracking. If the “on” time is too short for the 

1ickness of metal being welded, an extremely high cur- 
rent is required. Such a high current frequently causes 
surface flashing, tendency toward expulsion, wheel 
mushrooming and a narrow range of current where 
welds can be consistently made. Therefore, there is a 
practical limit below which the time cannot be short- 
ened. 

5.33. The weld “off” time should be at least twice 
the “‘on’’ time. If the “‘off” time is too short, or if the 
wheel speed is too slow, there will be a tendency to re- 
melt a major portion of the weld already made by 
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shunting a large portion of the welding current through 
this weld. Remelting without the benefit of pressure 
will lead to cracking and porosity. 

§.34. Wheel speed should be adjusted with suitable 
current to produce welds which overlap between 0 to 
25%. 


OOo 5 D 


L 


Surrounding each spot is an area where no melting 
has taken place but where recrystallization has caused a 
bond to occur. Such areas have been called pressure- 
weld areas. It is possible to have the spots spaced with 
a 25% gap between welds and still have a pressure-tight 
seam. This practice is not recommended, however, 
since the quality of pressure welds is poor and incon- 
sistencies are common. (See Fig. 5.33.) 


Fig. 5.33 (2 figures) Pressure weld area surrounding 
seam-weld nugget. 12 X and 20 X 


The wheel speed may be stated in terms of inches per 
minute or in terms of spots per inch. Conversion may 
be made as follows: 


In./min. = 
(“On” time + “off’’ time)(No. of spots per 
in.) 
3600* 
(“On”’ time + “off’’ time) (Speed in in. per 
min.) 


* This is based on 60-cycle current. Use 3000 for 50-cycle current and 
1500 for 25-cycle current. 


Example: If the welding cycle is 2 on and 4 off and 
there are 6 spots per inch with 60-cycle current what 
is the rate of welding? 

3600 
(2 + 4)(6) 
If the seam welder is used to produce a series of welds 
that are widely spaced (stitch welding) the “‘off’’ time 
may be extended considerably such as 2 “on’’ and 12 


= 100 in. per min. 
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“off.”’ Such a weld will not be gas tight but will be a 
strong mechanical bond. 

5.85. Seam welding wheels may be made of R.W.- 
M.A. Grade A Class 1 or Class 2 alloys. Wheels are 
normally flat or radius faced and smooth. It has been 
found that the burnishing of seam-welder wheels prior 
to their use is very helpful in preventing sticking, par- 
ticularly in thin gages. It will be noted that the three 
thinner gages of Monel in Table 5.3 should be welded 
with burnished wheels. Burnishing can be accomplished 
by rolling a small diameter formed roll against the weld- 
ing surface under high pressure. This operation can be 
done in the lathe used for facing the wheel. A special 
tool is used which is similar to a knurling tool but 
smooth. The serrations on the surface of a knurl drive 
mechanism are objectionable for the nickel alloys. 
They not only produce a weld with poor appearance but 
they also contribute to porosity and cracking difficulties. 

§.36. The current is normally the last variable to be 
fixed. After selecting the wheels, the time cycle and the 
spot spacing, the current is adjusted to a point just be- 
low that at which expulsion takes place. At this current 
setting a series of overlapping spots should result. If 
the spots are not large enough to become overlapping, 
without expulsion occuring, the variables previously 
selected must be changed and a new current selected 
until satisfactory welds result. 

The only authoritative data available at the present 
time is shown in Table 5.3. 

§.387 Welding Dissimilar Metals Combinations. The 
comments in Section 3.32 will apply also to seam weld- 
ing. In one particular instance investigated where 
0.050-in. Monel was seam welded to 0.062-in. mild 
steel, the following machine settings were used: 


Pressure—2400 lb. 
Time—3 cycles on, 12 cycles off. 
Speed—7 spots per inch or 34 in. per minute. 
Current—24,000-27,000 amp. 
Wheels—R.W.M.A. Grade A, Class 2. 
5/i-in. flat face against Monel. 
1/,-in. flat face against steel. 


Fig. 5.37(a) Seam weld made under above conditions, 
5'/2 welds per inch 
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Weld 


18 X. 
speed—7 welds per inch; or 34 in. per minute 


Fig. 5.37(b) Braze weld Monel to steel. 


The resultant weld was an intermittent braze type 
weld shown in Fig. 5.37 (a). In this particular instance 
there was no need for a gas-tight weld. When a con- 
ventional type nugget was obtained, major porosity and 
cracking resulted, such that the weld actually leaked 
through the Monel sheet. 


5.4 Defects 


The weld defects, discussed in section 3.4 for spot 
welds, can be found in seam welds also. The causes 
and cures are discussed at some length there and will 
not be repeated here. Generally the same cures can be 
applied to defects in seam welds. 

Since one additional variable—wheel speed 
added in the case of seam welding, this also adds one 
additional possible defect—spot spacing. When a gas- 
tight seam weld must be obtained, and the spots are 
not overlapping sufficiently to produce the gas-tight 
seam, they may be closed up by: 


—has been 


1. Increasing the current to produce a larger spot. 
2. Decreasing the wheel speed to produce more 
spots per inch. 
3. Decreasing the “‘off’’ time. 
4. Acombination of the above. 


5.5 Tests for Seam Welds 


The tests mentioned in Section 3.5 for spot 
radiographic, peel and 


6.61. 
welds specifically, visual, 
macroetch, can be applied to seam welds to judge their 
quality. The mechanical tests are seldom applied to 
seam welds because they are not capable of distinguish- 
ing between a good and a bad weld. Almost any seam 
weld with reasonable quality will fail in a tension shear 
test by tearing in the sheet outside the weld. The value 
of tensile strength therefore has little meaning. It is 
only when stitch welds are tested that shear tension tests 
are employed. 

5.62. The strength of a seam weld is seldom of prime 
importance, but the leak tightness is. Therefore, most 
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seam welds are pressure tested for leak tightness. The 
simplest form of pressure test is the “pillow test’’ in 
which two flat sheets are seam welded around the 
periphery to form a closed container. A hole is drilled in 
one sheet, approximately central, and a threaded con- 
nection is brazed or welded over the hole. Water under 
pressure is forced through the fitting and the “pillowing”’ 
begins. 


Seam 


BEFORE TEST 
Point Of 
Usual 
Failure 
AFTER TEST 


If the seam weld is faulty, it will leak with practically 

no distortion of the sheets. A good weld will not fail 
until there has been a great amount of pillowing and 
then the failure will occur by tearing of the sheet ma- 
terial adjacent to the weld and usually at a wrinkle in 
the sheet. There is no attempt made to grade the 
quality of the weld by the maximum pressure attained 
before failure. The thickness of the sheet and the size 
of sheet determine the amount of stress applied at a 
given pressure. 
5.53. Tf the structure being welded is a closed con- 
tainer, it is frequently pressure tested as a unit. In this 
case the internal pressure to cause failure is some guide 
to the quality of weld since all tests are on similar 
structures and comparison can be made on past per- 
formance. 


6. FLASH WELDING 


Flash welding is a process which produces a butt-type 
joint in contrast to the lap-type joint obtained by the 
Dther resistance-welding processes. In addition, prop- 
rly made flash-welded joints contain no dendritic ma- 
rial (metal which has been melted). These two fea- 
res of the flash-welding process are extremely useful 
r producing equipment which is intended for corrosive 
ervice. The butt-type weld has no incipient crack in 
rich corrosion can start. The absence of dendritic 

terial means that the welds will not be preferentially 
tacked as is the case frequently where fusion type 
welds are employed. Some examples of flash weld 
applications are: Monel pickling chains made from bar 
stock up to | in diameter, the side seam of Monel hot 
water tanks and Inconel rings for jet turbine engine 
use. 

Flash welding is accomplished on a machine which 
differs considerably from spot or seam welders and yet 
which involves many of the same features. The parts to 
be welded are firmly held in relatively massive copper 
alloy jaws or dies, which maintain the correct align- 
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ment. One jaw is fixed while the other is movable, being 
actuated by hand, by cam or by hydraulic action. The 
secondary circuit of a large welding transformer is con- 
nected to these jaws. At the start of welding, the work- 
pieces are separated so they do not touch, and the 
voltage is applied to the primary of the welding trans- 
former. As the movable jaw is advanced, the work- 
pieces make contact under light pressure. The heavy 
current passing through this first contact point causes 
the metal to melt and then be expelled violently. The 
particles of metal expelled and the flash of the are form 
a spectacular display and are responsible for the name 
flash welding. As material is burned off the movable 
jaw is advanced so that flashing continues. When the 
flashing has continued long enough for the base metal to 
be heated to the welding temperature, the movable jaw 
brings the workpieces together with great force. The 
flashing stops. Thisiscalled the upset period because the 
hot metal in the weld area is upset and the dendritic 
material in the weld is extruded by the foree of up- 
setting. The current is then turned off and the weld is 
complete. The jaws are unclamped, the workpieces re- 
moved and the machine returned to position for a new 


weld. 


The above flash-welding procedure includes all the 
fundamental operations which are necessary in any 
flash welding operation. In very large sections it may 
be necessary to preheat before the start of flashing. 
This may be done by shorting the workpieces at a low 
energy level or heat may be applied from some external 
source such as oxyacetylene flames. In some operations 
the entire flash welding cycle is done under an inert at- 
mosphere of argon or helium to eliminate the formation 
of oxides. This inert atmosphere is not used to any 
great extent and the beneficial claims are somewhat un- 
proved. Since none of the high-nickel alloys harden 
upon rapid quenching, it is not necessary to perform a 
postheating operation after welding, although this 
operation can be accomplished in the machine and is 
frequently performed after welding hardenable steels. 


Upset-butt welding can be accomplished on the same 
machine. In upset-butt welding the workpieces are pre- 
pared with clean, carefully machined surfaces on the 
abutting ends. The parts are clamped in the dies and 
brought into contact under high pressure. The current 
is turned on and the pieces heat by resistance alone. As 
the temperature increases, the material expands and the 
pressure first rises and then tends to fall off as softening 
takes place. The force is increased and forging and up- 
setting takes place. The current is turned off and the 
weld is complete. 


Upset-butt welding is seldom done on the high-nickel 
alloys because of the tenacious oxide which is difficult to 
reduce and which tends to remain at the joint line in the 
weld. This line of oxides produces a low-strength weld. 
If means could be found to obtain a reducing atmosphere 
at the joint, upset-butt welding could be used but its 
economic advantage over flash welding is questionable. 
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6.1 Design Considerations 


Flash welding can be made automatic so that very 
little operator skill is required. Since the operation is 
very rapid, the labor cost per weld is extremely low. 
However, the first cost of equipment is high and a large 
volume of joints of a similar nature is necessary in order 
that the equipment cost per weld will be low enough to 
justify the use of the process. 

In making a flash weld, metal is lost during the flash- 
ing and additional metal is lost during the push-up 
The over-all shortening of the pieces must be taken into 
account in designing if the parts are to finish to the 
correct dimension. The total shortening varies from 
one to six times the thickness of the parts being flash 
welded, the greater amount being necessary for thin ma- 
terial. The loss in length during push-up is from one- 
quarter to one-third of the total. Where specifie proce- 
dure information is not available, it is wise to make trial 
welds to determine flash-off and upset losses before 
settling on the parts dimensions. The flash and upset 
from the welding operation usually must be removed. 
This is particularly true for materials to be used in cor- 
rosive environments. Sometimes special flash trimmers 
are used as for welded plate stock. More often grinding 
or filing are the operations required. 

In many flash welding applications there is no need 
for special preparation of the abutting pieces. Sheared 
edges of sheet, square saw cuts of bar stock and pinched 
wire or rod are satisfactory for welding without further 
machining. In some instances where the section is large 
or on tubing where inside flash would be troublesome, a 
beveling of the parts is desirable to facilitate the start of 
flashing. When pinched-off wire or bar stock is em- 
ployed, the chisel ends should be placed at 90° to each 
other. 


) 


() 


Preferred Juxtaposition Of Pinched Off Bar 


When a large section must be joined to a small section 
by flash welding, it is best to make the joint in a section 
of uniform size, thus: 


PREFERRED DESIGN INCORRECT DESIGN 


or no dendritic material left in a properly made flash 
Consequently, 


weld and little diffusion alloy is formed 
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Flash welding is particularly valuable in making 
joints between many dissimilar metals. There is little 


a satisfactory weld can be obtained without the presence 


of a cast material having undesirable properties. Figure 
6.1 illustrates a ring made from Monel, nickel, K 
Monel, Inconel, 347 Stainless and 8.A.E. 1020 steel. 
This is merely an illustration of what can be done. The 
photomicrographs illustrate the sharp demarcation line 
at the weld interface. 

A joint efficiency of 95% is common for flash welding. 
The strength of a flash weld will approach the strength 
of the annealed material. Obviously it is not possible to 
flash weld without annealing a portion of the material 
adjacent to the weld. For age-hardenable material such 
as K Monel, Duranickel and Inconel X, the weld will 
respond to heat treatment as would annealed base ma- 


terial. 


6.2 Equipment Considerations 


6.21 Dies. Flash-welding dies have three functions, 
namely: 

(a) To feed current to the piece. 

(b) To hold the pieces in rigid alignment. 

(c) To transmit the forging force. 

Since electrical conductivity is of prime importance, 
flash-welding dies are made of copper or a copper alloy 
with as high an electrical conductivity as can be ob- 
tained consistent with hardness and strength. Wherever 
possible current should be fed to the workpiece from 
both sides of the die in order that current densities may 
be kept as low as possible. Too high current density 
in the work at die edges results in localized melting of 
the work, or “die burns.’’ The dies should be water 
cooled to prevent their mushrooming in use. 

The dies should be kept scrupulously clean. Any 
flash settling on the die faces must be removed in order 
that die burns will not result in the workpieces. See 
Fig. 6.21 (a) and 6.21 (6). This usually means a clean- 
ing operation on the dies must be performed after every | 
weld. 

The dies must be strong and rigid enough to hold the J 
workpieces in alignment during welding. “Overshoot- J 
ing’’ may result if the dies are not rigid. See Fig. ; 
6.21 (e). 

The dies must prevent slipping during the upset 
period. If possible, permanent stops should be used in 


Fig. 6.21(a) Photograph showing a ein. diameter 
Inconel flash weld bent to open the die burns on each side 
of the weld 
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Specimen 2 
Stat Top—A nickel; bottom—B Monel. 500 


Fi ig. 6.21 (b) of a die burn in a 
‘/~in. diameter K weld showing the crack and 
ly melted region. 50 X 


Fig. 6.21 (c) Overshooting 


order that the dies need not hold the piece by clamping 
friction alone. Sometimes insulated tool steel teeth 
may be used in addition to the current carrying dies to 
obtain greater traction. It is common to have a clamp- 
ing pressure three times the forging pressure when fric- 
tion alone must hold the pieces. 


. Welded by American Welding & Mfg. Co., Warren, Ohio. Top—1020 steel; b : 347 Saint steel. 500 x 
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: 
Top—K Monel; bott Anickel. 500 x 
\ 
4 
4 Specimen 4 
Top—Inconel; bottom—K Monel. 500 


6.22 Current and Control. The voltage and current 
requirements at the start of flashing are high in order to 
initiate flashing. As flashing progresses this high level 
of energy input is not needed. A further reduction in 
energy input is desirable during upsetting. On older 
types of machines where the energy level is selected by 
taps on a transformer, a compromise setting must be 
employed since no change can be made during the flash- 
ing cycle. On more modern machines, with ignitron 
control, a change of energy level can be made at any 
time. Such machines produce more consistent welds, 
and avoid these difficulties. 

(a) If the energy level is too low at the start of flash- 
ing, “freezing’’ may occur. This freezing, frequently 
called “butting,’”’ means that the are has been ex- 
tinguished and a large volume of metal is being heated 
by resistance heating. This large volume will usually 
melt and drop out and no weld will result. The avail- 
able energy level during flashing must be so related to 
the flashing speed that butting does not occur at any 
time during the flashing portion of the weld cycle. 

(b) If the energy level is too high during flashing just 
prior to upset, the particle size of the flash will be coarse 
and there will be more chance for oxidation of the larger 
pits formed during flashing. Such oxidized areas may 
not be extruded during upset, and the resulting weld 

will have voids or trapped oxide and low strength. 


Fig. 6.22 (a) Photomicrograph showing the “overheated” 
region in a K Monel flash weld resulting from excessive 
butting. 100 X 


Fig. 6.22(b) K Monel parent metal. 100 
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(c) If the energy level is too high during upset, the 
timing of current cut-off after upset is very critical. 
Too long a time and the material will be spoiled by over- 
heating. See Fig. 6.22 (a). Too short a time, especially 
current cut-off prior to the initiation of upset, results in 
severe oxidation of the weld interface, and the material 
is not soft enough to forge properly. On older machines 
this time of current cut-off after upset is in the order of 
2 to 4 cycles. 

6.23 Pressure Requiremenis. 
for flash welding nickel and the high-nickel alloys is gen- 
erally higher than that required for mild steel and is in 
the order of 35,000 psi. The function of pressure during 
push-up is to forge the weld by plastic deformation and 
to extrude all oxidized material and material which has 
been molten from the weld. If insufficient pressure is 
employed, the welds may contain voids, oxidized metal 
and some cast structure. See Fig. 6.23 (a) and 6.23 (6). 
On the other hand, if too much pressure is employed, 
the machine attempts to make a weld where the material 
is not sufficiently plastic. A poor weld results. 


The pressure required 


Fig. 6.23(a) Typical example of a trapped dendritic 
material in a K Monel weld made with insufficient upset. 
100 X 


produced by interrupting the current prior to upset. 
X 
Example of self-nesting 


6.3 Welding Procedure 


Material to be flash welded must be clean and free of 
oxides, grease, oil, paint and other foreign material (see 
section 2.2). Oxide on the surface of bars or sheet may 
form a hot spot where the die clamps the work. Such 
hot spots can cause die burns. (See Fig. 6.21 (a).) 
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Fig. 6.23(b) Continuous oxide layer in a Monel weld ' 


| 


TABLE 6.31 
Recommended Conditions for Flash Welding Nickel Alloy Rods 


Current 
| Fisshing | Fleshing | During | _Upect 
Material | Red | End Distance, Time, Upset, " Watt Rod 

| Diam., In. | Preparation*® | In. Sec. Cycles } In. Hrs./Weld | Strength, Psi. | Strength, Psi 
Nickel 4 Pointed | 0.442 2.5 14 0.125 2.15 | 58,000 65,100 
Nickel. | % Pointed 0.442 2.5 2% | 0.145 | 4.87 65,600 66,500 
Monel. . | 4 Pointed 0.442 2.5 0.125 | 1.93 68,500 70,500 
Monel. . 3, Pointed 0.442 2.5 0.145) | 5.55 80,300 84,700 
“K”" Monel. os] 4 Pointed 0.442 2.5 1% 0.125 2.02 93,900 | 100,000 
“K" Monel. . 3, Pointed 0.442 2.5 2 0.145 4.79 98,800 | ,000 
Inconel. . 4 | Pointed | 0.442 2.5 14 0.125 | 2.15 101,200 109,800 
Inconel. . 36 Pointed 0.442 2.5 2% +#$|~ 0.145 5.19 102,000 | 106,000 


* 110° included angle. 


6.31. Table 6.31 gives the recommended conditions 
for flash welding '/y- and */s-in. diameter nickel, 
Monel, K Monel and Inconel bars. This data was de- 
veloped on an old type of equipment where the current 
could not be adjusted during the welding cycle. In 
such equipment the time of current flow during upsct is 
quite critical to avoid burning the material. 

6.32 Welding Dissimilar Metals Combinations. It is 
possible to flash weld many dissimilar metals combina- 
tions which would not be possible by other welding 
processes due to the absence of dendritic material. 
(See Section 6.1.) It is difficult to give specific machine 
settings for dissimilar metals joints but a few general 
statements may be of help in obtaining proper welds. 

When dissimilar materials are being flash welded, it is 
sometimes helpful to have a different end preparation 
for each of the two different materials, thus: 


It may also be necessary to extend the workpieces 
different distances from the dies in order that the two 
pieces will come to a welding temperature at the same 
time, thus: 


Matera! Of Low 
Conductivity 


I 


Low Melting Point ) 


Or Low juctivity 
Material Material 


Defects 


Under certain conditions, the following defects can be 
found in flash welds: 

6.41 Die burns. 

6.42 Dendritic material inclusions. 

6.43 Oxide inclusions and voids. 

6.44 Burned material. 

6.45 Cracking. 

6.46 Low-strength welds. 

6.41. Die burns have been mentioned already in Par. 
6.21. They are caused by: 


(a) Dirty material. 
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(b) Fouled dies. 

(c) Inadequate clamping pressure or die area. 

Visual examination is sufficient to disclose the pres- 
ence of die burns. To eliminate, clean the material 
(see Par. 2.12), clean or redress the dies (see Par. 6.21), 
and be sure the dies clamp the workpieces with suitable 
pressure over as large an area as possible. 

6.42. Dendritic material inclusions may be caused by: 


(a) Insufficient upsetting pressure or movement. 
(b) Forging at too low a temperature. 
(c) Improper parts preparation. 


The best method of discovering the presence of 
dendritic material in the weld is to section the weld in 
a plane or planes »erpendicular to the weld, polish and 
etch, and examine under a microscope. To eliminate, 
use greater forging pressure and/or forging distance, in- 
crease the upset current, or increase the time of current 
flow after upset, or prepare the parts with a shallower 
included angle. 

6.48. Oxide inclusions and voids are the result of: 


(a) Inadequate upset. 

(b) Too high an energy level during flashing which 
results in expulsion of large particles, leaving 
holes and oxide which will not be removed by 
upsetting. 

(c) Too low an energy level which results in attempt- 
ing to upset metal which is too cold. 

(d) Current cut-off prior to upset. 


To eliminate, increase the upsetting pressure, increase 
the upsetting current, increase the time of current flow 
after upset and adjust the flashing power level. 

6.44. Burned material is the result of too much heat 
in the flashing or upset portion of the welding cycle. It 
may be caused by: 


(a) Too long a flashing time. 
(b) Too long a time of current flow after upset. 


To eliminate, reduce the time of current flow after 
upset or shorten the flashing time. 

6.45, Cracking may be caused by attempting to 
forge material too cold or too hot. Not infrequently 
the cracks are entirely contained within the flash and 
will be machined off. Such cracks are not defects. To 
eliminate real cracks, obtain a proper welding cycle. 
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6.46. Low strength may result from the above-men- 
tioned defects or form attempting to forge material 
which is too cold. The machine variables must be 


adjusted to eliminate. 


6.5 Tests for Welds 


The following are commonly used tests of flash welds: 


6.51 Visual. 

6.52 Sectioning, etching and macro examination. 
6.53 Bending. 

6.54 Tensile. 

3.55 Proof test. 


3.56 Other tests. 


6.51. Visual examination will disclose die burns, 
cracking and, in addition, will give some indication of 
the quality of the weld. A steep slope in the upset 
area adjacent to the weld is an indication that sufficient 
heat has been employed. Too low a slope will indicate 
a weld made under cold condition. A well-made flash 
weld will usually have a “tongue’’ discernible between 
two ridges of flash. 


Tongue No Tongue 


Shaliow Slope 
INSUFFICIENT HEAT 


Steep Siope 
GOOD WELD 


6.42. Sectioning, etching and macro or micro ex- 
amination is probably the most useful inspection tool 
for flash welds. Etchants as given in Par. 3.515 may 
be used. Such an examination will show dendritic 
material, voids and oxides (if at the section), burnt ma- 
terial and flow lines in the bar stock. In regard to 
flow lines, it is not advisable to forge so much or so cold 
that the flow lines are turned 90° and emerge from the 
surface. Low fatigue strengths have been reported for 
such welds. 


Patt Fiow Lines Emerging From 


Surface 
——_~_ 


6.58. A simple shop test which consists of bending 
the welded joint is frequently used to disclose low- 
strength joints. It does not always disclose what is 
the cause of the low strength. 

6.54. Tensile tests of 0.505-in. specimens machined 
from the joint are frequently employed to obtain unit 
mechanical properties. 

6.55. A proof test is also popular in which the joint 
is subjected to a load which is in excess of the expected 
working load but which will not fracture a good weld. 

6.56. Other special tests are employed for special 
purposes such as fatigue, impact, magnetic particle and 
others. Radiographing of a flash weld is seldom done 
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because it is difficult to disclose faults other than voids 
which will be detrimental to the weld. 


7. RESISTANCE BRAZING 


Spot-welding machines may also be employed as a 
source of rapid heat for silver brazing small assemblies. 
It is often possible to use a transformer and suitable 
fixture without the need for such elaborate pressure or 
current controls as are needed in spot welding. 

Heating for resistance brazing is accomplished by 
passing a relatively large current through some high- 
resistance materials which in turn contact the work 
parts. The current passes through the parts to be 
brazed but the majority of the heat is generated in car- 
bon or tungsten electrodes and this heat travels by con- 
duction to the workpieces. The currents used are 
much less than employed for spot welding and the time 
is much longer. 


7.1 Design Considerations 
Wherever possible, the parts should be designed to be 


self nesting. A little thought in the design stage will 
eliminate the need for fixtures in the brazing operation. 


Powdered Alloy 
Or Ring And Fiux 


Example of self nesting 


Work to be brazed must be thoroughly clean. (See 
Par. 2.2.) 

Any silver brazing alloy not also containing phos- 
phorus may be used in the form of wire or strip or 
powder. The flux used must be very fluid and should 
not be allowed to dry out prior to placing the parts in 
the brazing fixture, otherwise it will be difficult to pass 
current. 

Parts should be annealed prior to brazing and no 
stress should be placed upon the parts during the braz- 


ing process, 


7.2. Equipment Considerations 


Carbon blocks or rounds are generally used for the 
brazing electrodes though for more permanent installa- 
tions, tungsten or molybdenum may be employed. A 
good grade of block is Grade AGX of National Carbon 
Co. Other grades with softer or harder qualities and 
with different electrical resistances may be obtained. 
The blocks may be easily shaped with a file and saw and 
are to be considered quite expendable since they waste 
away quite rapidly. 

The carbon blocks should be fastened mechanically 


to a water-cooled holder of the spot welder 


q 

| 

: 


For extremely fine work, 
plier-type brazing equipment 
is available* with many 
different types of heating 
arrangements. 

Relatively long times are 
required, from 1 sec. to 2 
min. Usually the operator judges time by watching 
the temperature of the piece. When the flux and alloy 
have melted the current may be turned off. If an 
extension timer is available to produce such long times, 
the spot-welder panel may be used to get consistent re- 
sults. 


7.3 Brazing Procedure 


The parts to be brazed must be clean and free from 
grease, oil, oxide and other foreign material. (See Par. 
2.2.) 

The alloy may be preplaced in the form of wire, 
rings, strip, washers or powder. Flux is employed in a 
very fluid form and is put on the assembly just prior to 
brazing. If the flux is allowed to dry it will be difficult 
to make the current flow since dry flux is a good insula- 
tor. When powdered alloy is employed it is sometimes 
mixed with the flux in a shallow pan. The part to be 
brazed is dipped into the flux and alloy just prior to 
placing it in the fixture. In some applications the alloy 
may be stick fed by hand as the parts come up to 
temperature. 


* General Electric Co.; Ideal Commutator Dresser Co. 


The amount of current used is such that heating will 


be uniform and not too slow or too fast. The time of 
current flow is not critical. As the pieces heat, the flux 
first dries, then becomes molten and then the alloy 
flows. When a suitable fillet is formed by the alloy, 
the current is turned off but the pressure is maintained 
until the alloy solidifies. A pressure heavy enough to 
make good electrical contact but light enough not to 
crack the blocks is employed. 

The parts are lifted out with tongs and quenched in 
order to cool rapidly and to remove the residual flux. 


7.4 Inspection Procedure 


The brazed parts are inspected visually for full and 
continuous fillet. Once in a while it is well to break a 
joint to determine strength and the absence of flux 
entrapment. Some parts may also be pressure tested. 

More complete information concerning silver brazing 
will be found in Technical Bulletin T-34. 
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Welding 


» Fundamentals and major developments in inert-gas-shielded-arc 


by H. E. Rockefeller 


NERT-gas-shielded-are welding, which 
includes the use of a consumable as well 
as a nonconsumable electrode, has, in 

slightly over a decade, become one of the 
major fusion welding methods. For the 
nonferrous and “difficult to weld’’ metals, 
it has or is rapidly becoming the generally 
It has 
not only largely replaced other methods, 
but has permitted fabrications hitherto 


preferred fusion welding method 


impracticable for welding. Inert-gas- 
shielded-are welding has also invaded cer- 
tain fields in the welding of stainless steels, 
alloy steels and even carbon steels, and 
there are indications of a much broader 
application of the process in the welding 
of these metals. 

It may be appropriate at this time, 
therefore, when defense needs will un- 
doubtedly present welding 
problems, to review briefly the funda- 


many new 


mentals of this process, the major develop- 
ments which have brought it to its present 
stage of application and the expected 
future trends. 


HISTORICAL DEVELOPMENT OF 
INERT-GAS-SHIELDED-ARC 
WELDING 


The nonconsumable electrode type of 
inert-gas-shielded-are welding, named 
“Heliare,” was first commercially estab- 
lished in California in 1940 by the North- 
rup Aircraft, Inc., for their own applica- 
tion in the welding of magnesium for air- 
craft fabrication. Recognizing the possi- 
bilities of this process, Linde, in 1942, 
acquired the Northrup invention, and 
initiated an extensive research and devel- 
opment program to expand the use of the 
process. In the initial investigations, it 
was established that argon offered several 
advantages over helium as a shielding gas. 


H. E. Rockefeller is Assistant Manager, Develop- 
ment and Process Service, with the Linde Air 
Products Co., New York, N. ¥ 

This paper was presented before the Western 
Metal Congress, Mar. 21, 1051, Oakland, Calif 
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Argon, being approximately ten times as 
heavy as helium, gave more complete 
protection at a considerably lower gas flow. 

Contrary to assumptions which have 
been made by others, the argon in inert- 
gas-shielded-tungsten-arc welding is not 
heated sufficiently by the are to lower its 
density to that of the surrounding air. 
Schlieren measurements of the gas pattern 
of argon issuing from the cup have been 
made both with and without the welding 
are present. In the case of patterns taken 
without the are present, the gas was pre- 
heated before entering the nozzle in vari- 
ous amounts to simulate the gas pattern 
established with the are present. It has 
been concluded from this work that the 
argon is not heated by the are to a tem- 
perature above 300° F. With the arc 
present the argon at recommended gas 
flows hugs the surface being welded in 
contrast to helium which tends to rise 
rapidly from the weld zone. This is illus- 
trated in Fig. 1. 

The tungsten are in argon is more stable 
than in helium. This basic difference in 
these two monatomic gases has been ob- 
served by several investigators. This 
greater arc stability, combined with the 
lower are voltage in argon, gives a more 
readily controlled This 
latter feature is of particular advantage in 


welding zone. 
manual welding Argon was also found 
to provide a much improved oxide clean- 
ing action in a.-c. welding of aluminum. 
For these reasons, argon soon became and 
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Fig. 1 
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continues to be the monatomic gas pre- 
dominantly used in this process. 
Aluminum appeared to offer one of the 
broadest fields of application and much of 
the early research and development effort 
was devoted to establishing suitable 
Heliare welding conditions for the metal. 
It was found that with the d.-c. welding 
used by Northrup in the welding of mag- 
nesium, satisfactory results could not be 
obtained with straight polarity and that 
electrode heating with reverse polarity 
materially reduced the welding speed ob 
tainable It 
that a good cleaning action was obtained 


was recognized, however, 
in reverse polarity welding which effec- 
tively removed the aluminum oxide when 
using argon. Through the use of a.-c 
welding, a very satisfactory compromise 
was established in that the reverse-polarity 
cycle provided the cleaning action and the 
straight-polarity cycle improved the heat 
input to the weld with consequent material 


increase in welding speed and higher cur- 
rent-carrying capacity for the electrode. 
It was further established that by super- 
imposing a high-frequency current on the 
welding current the are could be estab- 
lished without touching the metal. This 
eliminated contamination of the electrode 
and also stabilized the are during the 
welding operation. 

In the Heliare welding of al] other metals 
except Magnesium, and aluminum bronze, 
on which alternating current is also pre- 


ferred for most applications, direct current 


= 


Schlieren photographs of tungsten arcs in helium and argon atmospheres 
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straight polarity generally provides the 
most satisfactory and efficient power 
source. 


HELIARC WELDING EQUIPMENT— 
OLD AND NEW 


The development of suitable equipment 
has also played an important part in the 
acceptance of Heliare welding. The origi- 
nal torches were air-cooled and were suit- 
able only for direct-current welding at 
relatively low currents. One of the earlier 
models is illustrated in Fig. 2. This torch 
was used during World War II for the 
welding of magnesium castings and has a 
maximum current-carrying capacity of 
about 100 amp. Two developments did 
much to overcome the limitations of this 
design. The first was the development of 
the ceramic cup and the second, the inven- 
tion of a water-cooled current-carrying 
cable and torch. These two developments 
are illustrated in Fig. 3. They not only 
provided an assembly which maintained 
the desired flexibility for manual welding 
at currents up to 175 amp. but permitted 
the practical use of superimposed high 
frequency so important in a.-c. welding 
of aluminum. Water-cooled metal cups 
were next developed which permitted the 
current range in manual welding to be 
extended to 700 amp. although 500 amp. 
is the maximum demanded except for 
special applications. Such a torch is illus- 
trated in Fig. 4. 

There has been a demand for a small 
torch for welding light-gage materials 
such as jet-engine parts. The torch de- 
veloped to meet this demand is illustrated 
in Figs. 5 (a) and 5 (b). This torch is air- 
cooled and has a current-carrying capacity 
of about 75 amp. It weighs but 3 oz. 

While no mention has been made of 
Heliare machine welding, or machine 
torches, a number of important applica- 
tions have been made. The over-all 
growth of the Heliare process, however, 
has been predicated on the use of manual 
equipment just as it has in coated-metallic- 
are and oxyacetylene welding. 


INTRODUCTION OF SIGMA 
WELDING 


In 1948, after the Heliare process had 
become broadly accepted, and with several 
thousand installations in service, the 
shielded-inert-gas-metal-are process was 
introduced by the Air Reduction Co. 
This process employs a consumable elec- 
trode in place of the nonconsumable elec- 
trode used in the Heliare process. The 
electrode is continuously fed from a rod 
reel similar in principle to submerged- 
melt welding except that the inert gas 
replaces the granular welding composition. 
The original equipment was of a semi- 
automatic type wherein the electrode was 
fed through a flexible cable to a manually 
operable torch. Linde soon afterward 
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introduced a fully automatic unit, and 
later, followed with a semiautomatic unit. 

The shielded-inert-gas-metal-are proc- 
ess, which we propose to call “sigma weld- 
ing” from the initial letters of the five 
words, was applied first to aluminum. 
Subsequently it has been commercially 
applied on stainless steel, copper and cop- 
per alloys including silicon and aluminum 
bronzes, and even on carbon steel. The 
process is less than three years old and 


can still be said to be suffering somewhat 
from growing pains. The largest commer- 
cial use at present is in the flat-position 
welding of aluminum. On this applica- 
tion, and with argon as the shielding gas, 
quality comparable to that obtained with 
the Heliare process is readily secured, 
particularly with the fully automatic 
equipment. A large amount of laboratory 
data have been accumulated and some 
commercial application has also been 


Fig. 2 


An early style air-cooled torch used with direct current, reverse polarity 


in the welding of magnesium castings during World War I, Maximum capacity 
about 100 amperes 


Fig. 3 The first water-cooled torch using a water-cooled cable and ceramic cup. 
Maximum capacity about 300 amperes 
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Fig. 4 


{ torch of type similar to that in Fig. 3 but having a water-cooled cup and 


a current capacity of about 500 amp. 


made on stainless steel, copper and copper 


alloys. On these metals it is generally 
recognized that argon gives a weld quality 
and deposition control superior to that 
which can be obtained with helium. With 
argon, a more stable arc can be maintained 
with a lower gas flow and much less spat- 
ter. Considerably higher rates of metal 
deposition can be made in sigma welding 
than in Heliare welding, and welding costs, 
therefore, are appreciably less. 


COMPARISON OF HELIARC 
AND SIGMA WELDING 


There are several characteristics in 
inert-gas-shielded-arec welding which dis- 
tinguish this process from other fusion 
welding methods. There are, furthermore, 
certain fundamental differences between 
the nonconsumable electrode (Heliarc) 
method and the consumable electrode 


(sigma) method. These characteristics 


have largely determined the already 
widespread application of Heliare weld- 
ing and the growing commercial use of 
sigma welding 

Probably the most important character- 
istic common to both Heliare and sigma 
welding is the elimination of flux and re- 
sulting slag 
welding processes for welding aluminum, 


Fluxes required by other 


magnesium and some other metals con- 
tain constituents which are corrosive to 
the base meta! if not removed after weld- 
ing. Their removal from the weld surface 
adds cost to the over-all fabrication. Such 
removal, furthermore, is often difficult and 
for certain joint designs, impracticable 

Another important difference in inert- 
gas-shielded-are welding is the character- 
istic higher current density employed 
In Heliare welding average current density 
recommended is about ten times that 
recommended for carbon-arc welding, and 
about three times that recommended for 
coated-metal-are welding. In sigma weld- 
ing the current densities employed average 
at least twice those used for Heliare. 
This results in the permitted use of an 
exceedingly high heat concentration with 
a consequent ability to secure deep pene- 
tration, narrow welds, a smaller heat- 
affected zone and reduced distortion 

In Heliarec welding, the use of a non- 
consumable electrode permits joining ot 
metals without the addition of filler wire 
at generally lower costs and with less dis- 
tortion than with oxyacetylene, atomic 
hydrogen or carbon arc welding. Where 
filler wire is required the replacement of 
the weld metal in butt welding can be 
more accurately controlled than in the 
coated electrode or sigma welding, and 
finishing costs may be reduced when 
This char- 
acteristic of separate control of heat input 
and addition of filler metal in Heliare 
welding also permits of better control of 


smooth finishes are required 


Figs. 5 (a) and 5 (b) The jet engine demands a small torch for welding light materials for which this non-water-cooled 


torch was developed. 
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the elimination of gases which may be 
evolved from the base metal during the 
welding operation. 

In sigma welding, on the other hand, a 
better heat transfer efficiency is obtained 
than in Heliare welding because the added 
metal is carried over in the molten state 
in the are stream rather than heated from 
the nonconsumable electrode or molten 
puddle. Furthermore, the current densi- 
ties are not limited by the melting tem- 
perature of the tungsten electrode. - These 
characteristics result in higher rates of 
metal deposition, lower costs and higher 
weld zone cooling rates than in Heliare 
Quality of the deposited metal 
has been generally more difficult to con- 
trol because of the critical nature of the 
manner of metal transfer. 

It has been established that for best 
welding conditions, metal transfer consists 
of a series of discrete metal droplets pro- 
pelled at a high velocity. This droplet 
formation varies for different metals and 
for different current densities. An inten- 
sive research has been under way for some 
time to determine factors that affect the 
droplet rate and size for different metals 
since it is believed that the commercial 
growth of sigma welding may well be 
determined by the extent to which the 
droplet formation can be controlled. 

Our research has shown that the droplet 
rate particularly on stainless and carbon 
steels can be materially increased by the 
addition of small percentages of oxygen to 
a highly purified argon. Droplet rate in 
this oxvargon mixture has been as much 
as 50 times greater than in an atmosphere 
of pure argon, other conditions being the 


welding 


same 

This greatly increased droplet rate, 
with no change in current density, permits 
welding at higher speeds without under- 
cutting. Coalescence of the weld metal 
is improved at increased welding speeds 
Overhead welding of stainless steel is 
made practicable. 

On the other hand, the oxyvargon mixture 
permits welding at lower current densities. 
This means that larger diameter, more 
economical rods may be used for a given 
welding current. If the same size rod now 
available is used, then thinner materials 
ean be welded, 

\ comparison of welding methods used 
on the principal metals to which the inert- 
gas-shielded process has been employed 
may help to clarify the characteristic fea- 
tures of Heliare and sigma welding. Dis- 
cussion will be limited to aluminum, 
stainless steel, copper and its alloys and 
carbon steel. 


INERT-GAS-SHIELDED-ARC 
WELDING OF ALUMINUM 


The most extensive use of the inert-gas- 
shielded process to date has been on 
aluminum and its alloys. Prior to the 
introduction of Heliare welding, oxyacety- 
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lene or oxyhydrogen welding was em- 
ployed for most sheet metal and light 
plate fabricated by butt welding. Carbon 
are was in use for mechanical welding of 
the heavier plate material, and metallic- 
coated-electrode welding for structural 
joining and some butt welding. 

Heliare has replaced gas welding for all 
but certain very light gage applications 
such as some flanged joints in aircraft 
construction. It also has largely replaced 
earbon-are welding and metal-are welding 
for butt welded constructions. Sigma 
welding has, in turn, replaced Heliare on 
certain of the butt welding applications 
and metallic are on certain structural 
weldments. These two variations of 
shielded-inert-are welding have also en- 
couraged the fabrication of aluminum on 
applications for which no other method 
would have provided either the required 
quality or economy. 

The history of welded fabrication of 
aluminum tank cars furnishes a good ex- 
ample of the advances in aluminum weld- 
ing. The first tank cars were fabricated 
by oxyacetylene welding. This process 
was later replaced by mechanized carbon- 
are welding, which then gave way to 
Heliare welding. Within the past two 
years, Heliare welding, in turn, has been 
replaced largely by sigma welding. Fig. 6 
illustrates the use of Heliare welding. In 
Fig. 7 the fully automatic equipment with 
consumable electrode is shown. These 
vessels are constructed to specifications 
equivalent to the A.S.M.E. Pressure 
Vessel Code and all welded seams sub- 
jected to X-ray examination. 


While over-all cost comparisons must 
include a number of factors other than 
direct welding costs, the comparisons 
given in Table 1 are significant in illus- 
trating the possible savings of sigma weld- 
ing over Heliare welding in the fabrication 
of relatively heavy aluminum plate by 
butt welding. The high duty factor of 
70% obtained in mechanized sigma weld- 
ing vs. the duty factor of 40% for manual! 
Heliare welding and the higher rate of 
deposition with less than half the rod 
required per foot of weld result in a weld- 
ing cost for sigma welding of about one 
third that for Heliare welding. 

The welding of aluminum barrels by one 
fabricator further illustrates the change in 
welding methods brought about by inert- 
gas-shielded-are welding. Here Heliare 
welding replaced gas welding for the prin- 


Table 1—Cost Comparison, Heliare vs. 
Sigma Welding, Costs for 100 Ft. of 
'/= In. Aluminum Plate 


Heliare Sigma 
Welding rate, in. per 

minute per pass 10 12 
No. of passes 3 2 
Duty factor, % 40 
Argon used, cu. ft. 1125 335 
Rod used, lb. 14 6 


Labor at $2.00 per hour $ 30.00 $11.40 


Gas cost 112.50 33.50 
Rod cost 10.40 1 68 
Power and miscellane- 
ous 1.00 75 
Total $153.90 $50.33 


Fig.6 The Heliare process as used in welding of aluminum tank cars 
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Fig. 7 


The sigma welding process which is largely replacing Heliarc welding of 


heavy material 


cipal seam joining the two halves of the 
barrel, and sigma welding more recently is 
replacing metal-are welding for attaching 
the chimes. 

The reasons for the replacement of other 
welding methods by Heliare and sigma 
welding are obvious for the most part but 
may bear repeating. The elimination of 
flux has been an important factor. Better 
welding quality was another. Less dis- 
tortion and less annealing of the heat- 
affected zone was a third. Together with 
these advantages there has been for most 
applications an over-all reduction in fabri- 
cation cost, the most important factor of 
all. 

The reasons for replacement of Heliarc 
with sigma welding are largely dictated 
by cost. However, for fillet welding, the 
sigma process has the added advantage of 
improved penetration. Quality, on the 
other hand, still remains the dominant 
factor on some applications. In sigma 
welding the problem of controlling poros- 
ity has not been completely solved but 
equipment and process developments are 
providing suitable answers on selected 
applications. Research may soon provide 
an over-all solution to the porosity prob- 
When this is accomplished sigma 
become the 


lem. 
welding will 
most economical fusion welding method 
on all applications of aluminum where 
the addition of filler metal is a requisite. 
It can be generally concluded, therefore, 
that 
provided industry with a method of fusion 
welding of aluminum which permits this 
metal to be fabricated with the same facil- 
ity as steel. There remains, of course, 
a need for further refinement of the equip- 
ment and process for the application of 


undoubtedly 


inert-gas-shielded-are welding has 
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sigma welding, but it would appear that 
the remaining limitations will be overcome, 
and hopefully, in the near future. 

Before leaving the subject of aluminum 
welding, I should like to give my personal 
opinion on a method of welding which has 
recently been given some renewed atten- 
This involves the direct-current, 
aluminum 


tion. 
straight-polarity 
with helium. Our findings have indicated 
that for single-pass welds the aluminum 


welding of 


oxide and porosity cannot be eliminated 
from the bottom of the weld. There obvi- 
ously is not the same cleaning action as 
welding 
reverse 


with alternating-current 


of welding with direct 


occurs 
current, 
polarity. Thoriated electrodes are claimed 
to give improved cleaning results, but our 
tests do not confirm this. This does not 
mean that thoriated tungsten electrodes 
offer no advantage. They do for a number 
of applications, but for reasons other than 
improved cleaning action. 
WELDING OF STAINLESS STEEL 
In the stainless steel field, Heliare weld- 
ing has largely replaced oxyacetylene and 
metal-electrode light-gage 
This is primarily due to lower 


welding on 
material 
distortion compared to gas welding, and 
lower finishing cost compared to metal- 
electrode welding. Heliare welding offers 
a quality advantage over other processes 
in that there is no loss of stabilizing or 
other elements and no carbon pickup. 
Additionally, this process provides a lati- 
tude in welding certain compositions 
which have not been satisfactorily welded 
The Heliare process 
may be more costly than metal-electrode 


by other processes 


Rockefeller—Inert Are Welding 


welding in applications on materials over 


1/s in. in thickness where other factors do 
not compensate for the deposited weld 
metal cost. 

Insufficient commercial application of 
sigma welding to stainless steel fabrica- 
tion has been made in order to forecast the 
ultimate use of the process. However, 
there appears to be no evident reason why 
sigma welding should not largely replace 
all other fusion welding methods on plate 
and structural fabrication. 


WELDING OF COPPER AND 
COPPER ALLOYS 


Copper and copper alloy welding seems 
to be following the same general sequence 
in preferred that has 
occurred in the case of aluminum 

factory welding have 
developed both for Heliare and sigma weld- 


welding method 
Satis- 
procedures been 
ing and the advantages are relatively the 
same. Because of the high heat condue- 
tivity common to copper and copper alloys, 
the rapid heat input rate associated with 
the sigma process shows particular advan- 
tage over the Heliarc process in the heavier 
gages With the sigma process very satis- 
factory welds have been made in thick- 
nesses up to '/. in. without preheat. A 
particularly interesting application is the 
repair of a massive 7000-lb. cast copper 
As frequently happens in preparing 
molds, a defect was uncovered in 
This was repaired by sigma 


mold. 
such 

machining. 
welding using a hand torch with a preheat 
of 500° F. A welding current of 400 amp 


effected a very satisfactory repair. 


WELDING OF CARBON STEELS 


The welding of carbon steels has, of 
course, dominated the application of fusion 


welding. Statistics show that over 95% 
of all fusion welding is applied on carbon 
steels. Considerable interest has, there- 


fore, naturally been shown in the present 
and future possible application of inert- 
gas-shielded-are welding to carbon steels 
In the Heliare field considerable applica- 
tion has already been made for certain 
sheet-metal weldments. In the automo- 
tive Heliare 


process has been applied to the welding of 


industry particularly the 


fenders, body joints, bumper guards, 
bumpers and other accessory parts requir- 
ing metal finishing. The process has found 
acceptance in this field because the welds 
could be produced at high speeds with 
no porosity, slag, or spatter, a minimum 
of reinforcement, controlled distortion and 
low costs A typical fabrication illustrat 
ing a Heliare welded front fender is shown 
in Figs. 8 (a) and 8 (b). 

Heliare welding is expanding in the 
sheet metal field and tungsten are semi- 
automatic rod feed and automatic welding 
devices will increase the use of the process 
materially. Speeds of 80 to 100 in. per 
minute on 20-gage material appear to be 
Competition is, of 


entirely practical 
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Fig. 8 (a) and 8(b) The Heliarc process being used in the welding of automobile fenders 


course, extremely keen in this field, and 
because 
probably be limited to applications where 
finishing or some other factor favors the 


of cost, Heliare welding will 


Heliare process in the over-all cost con- 
sideration. 


The field for sigma welding of carbon 
steel is as yet unknown, but sufficient 
laboratory work has been carried out to 
establish that sound welds can be pro- 
duced, and at speeds that should provoke 
considerable commercial interest. 


CONCLUSION 


As in the case of Heliarc, sigma welding 
may need a “crutch” to lean on for eco- 
nomic acceptance until welding costs are 
further reduced. This “crutch” may be in 
the form of lower cleaning and finishing 
costs or freedom from contamination due 
to the slag and spatter resulting from the 
use of existing processes. Sigma welding 
is already established commercially for 
welding aluminum, stainless steel, copper 
and copper alloys. 

The operating factor obtained with this 
process may be from 50 to 75% higher 


than obtained with other hand methods. 
The rate of travel may, in many cases, 
be as much as twice as fast with this proc- 
ess than other methods. 


Other advantages possessed are better 
heat transfer and, in the case of aluminum, 
higher rate of deposition with less than 
half the rod required per foot of weld. 
Mechanized sigma welding offers attrac- 
tive advantages in economy of operation. 
It is confidently expected that sigma weld- 
ing will be commercially applied to special 
applications of carbon-steel welding dur- 
ing 1951. 
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Characteristics of Inert-Gas-Shielded Metal-Arcs 


length; 


by A. Muller, W. J. Greene and 
G. R. Rothschild 


INTRODUCTION 


N ORDER to understand more fully the many com- 
plex problems associated with welding arcs a number 
of investigators have devoted considerable effort to 
the study and analysis of certain fundamental phe- 

nomena relating to the physics of these arcs. Despite 
this work, which has been in progress for many years, 
and the much more comprehensive investigations made 
of other ares in which material transfer is not of primary 
importance, basic knowledge of the subject is signifi- 
cantly meager. This lack of information is particu- 
larly evident in the field of inert-gas-shielded metal-arc 
welding with a consumable electrode wire which only 
has been in commercial use for a short time. 

A number of investigations have been initiated to 
study the characteristics of inert-gas-shielded metal 
ares to permit the intelligent application of this method 
of welding. Certain data and information already de- 
veloped under this program are presented herein. The 
term characteristics is used to define the are in its 
broadest sense and includes any phenomenon which 


A. Muller, W. J. Greene, and G. R. Rothschild are connected with Air Re 
duction Co., Ine., Research Labs., Murray Hill, N. J 


This paper was presented before the Thirty-First Annual Meeting, A.W.S 
Chicago, week of Oct. 22, 1950 


® Studies of the characteristics of inert-gas-shielded metal 
arcs including relationship between voltage, current and arc 
radiation; 


material transfer; and _ stability 


describes the arc. There are a great many of these 
characteristics but this discussion is limited to the fol- 
lowing: 

1. Relationship between voltage, current, and are 

length. 

2. Radiation. 

3. Material transfer. 

4. Stability. 

A significant feature of the inert-gas-shielded metal- 
are-welding process is that direct current with electrode 
positive must be used to weld the common metals. In 
all of the work reported, the are was shielded with 
either argon or helium flowing at an average velocity of 
6 ft. per second. 


VOLTAGE CHARACTERISTICS 
Experimental Procedure 


To determine the influence of arc length on are volt- 
age an are was established in an inert gas atmosphere 
between a small electrode wire and a flat plate. The 
electrode was continuously fed by a welding head 
equipped with a nozzle which directed an axial flow of 
A magnified (21 X) image 
Figure 1 shows a 


shielding gas about the are. 
of the are was projected on a screen 
composite photograph of several images indicating the 
lengths, 1, measured. 
trode-to-plate distances rather than true are lengths 


These measurements are elec- 


Argon 
Al Bronze Stainless (308) 2% Mn steel 


Avucust 1951 


Fig. 1 Lengths, |, measured on magnified (21 X) image 
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Fig. 2 Influence of arc length on voltage 


because the location of the anode spot is indefinite and 
craters are formed in the plate under some conditions. 
Images of the are varied from about 2 to 15 in. in 
length. Because of continual wire movement and in- 
definiteness of the are extremities, the maximum error 
in reading is estimated to vary from 1% for the longest 
are to 6% for the shortest., Voltage was recorded to the 
nearest tenth of a volt and current to the nearest 5 amp. 
Recording meters were used having an accuracy of ' » 
of 1%. Simultaneous voltage and length measure- 
ments were made in all Another possible 
source of error is the variation in voltage drop at the 


cases. 
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Fig. 3 Volt-ampere characteristic of argon-shielded d.-c. 


welding arc using aluminum wire and plate 
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current pickup. It is difficult to estimate the magni- 
tude of this contact drop but its effect on the over-all re- 
lationship is probably minor. 

Two corrections were applied to the recorded volt- 


age. The electrical resistance was measured from the 
tip of the wire to the point where the positive terminal 
of the voltmeter was connected. The voltage drop cal- 
culated using this resistance was then subtracted from 
the measured voltage. The second correction was made 
for those runs in which the current had drifted from the 
desired value. To do this the voltage per unit current 
obtained from the are volt-ampere characteristic was 
multiplied by the amount of current drift and added to 
or subtracted from the recorded voltage. 

Because of the aforementioned variations and pos- 
sibly others unknown, there was considerable scatter in 
the data. The situation was partially remedied by av- 
eraging a large number of readings. Individual points 
have not been shown on the curves in order to obtain in- 
creased clarity. 


Results 


The results of the tests described above are shown in 
Figs. 2 to 5. The variation in voltage gradient ob- 
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Fig. 4 Effect of diameter of aluminum wire on voltage-are 
gap characteristic in helium 
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tained for the 210 amp. current in Fig. 2 was checked 
several times. A similar variation has been noted! un- 
der different conditions. It is probable that the same 
phenomenon occurs at higher currents for shorter arc 
lengths but it is difficult to obtain readings at lengths 
less than 0.1 in. This change in voltage gradient is also 
apparent with a steel electrode. 

The variation in gradient prevents accurate measure- 
ment of anode and cathode drop by this method. How- 
ever, voltage gradients can be measured in the region of 
the are in which the gradient remains constant. The 
results of such measurements are given in Table 1. 


Table l—Voltage Gradients for '/.-In. Are Length 


Shield Current, Electrode Gradient, 
gas size and material volis/in. 
Argon 3/5 in. Al (2S) 10 
Argon 3/3 in. Al (28) 12 
Argon 3/32 in. Al (28) 17 
Argon 1/1, in. Al (28) 17 
Argon 1/1, in. Al (28) 17 
Argon 1/16 in. 2% Mn Steel i4 
Argon d '/ig in. 2% Mn Steel 15 
Helium 295 /,¢in. Al (28) 26 
Helium 295 #/39 in. Al (28) 26 


The values in this table are lower than those reported 
by Suits.' This difference can be attributed to the 
fact that in the arcs listed in the table, metal vapor was 
present and currents are 20 to 40 times the values pre- 
viously reported. 

From curves like those in Fig. 2, the volt-ampere re- 
lations of Fig. 3 were obtained. Particular attention is 
directed to the positive slope of these curves. It has 
been previously noted in welding with a nonconsuming 
tungsten electrode operated negative that a negative 
slope is produced in the same current range. As ex- 
pected, the slope for the longer arc is greater. It is in- 
teresting to note that if these curves are extended back 
to the ordinate, they intersect at a common value of 14.9 


v. This indicates that the are plasma acts as a pure re- 
sistance in the range examined. 

The electrode diameter also affects the voltage-arc 
length characteristic. Over the short range tested a 
shift occurs in the curve, Fig. 4, without changing the 
slope. This may be due to an increase in anode drop 
without any change in the are column drop. The are 
column does appear to have the same physical structure 
and dimensions in both cases. For wire sizes much dif- 
ferent than those tested, a change in slope is expected to 
oceur. 

As mentioned previously the presence of metallic va- 
por influences the are characteristic. There appears to 
be little difference in the effect of steel and aluminum 
vapor as can be seen from examination of Fig. 5. At 
295 amp., the voltage for '/i. in. diameter steel does not 
differ by more than 0.3 v. from that for !/\. in. diameter 
aluminum (28) over an arc length varying from 0.2 to 
0.65 in. 


RADIATION 


Spectrograms of ares of this type show the character- 
istic line spectra of the shielding gas and metal vapor 
and the continuous band spectrum of an incandescent 
solid. The color of the are depends both upon the 
shielding gas and metal. The predominant colors 
noted in the magnified image (21 X) of the arc are given 
in Table 2. 


Table 2—Predominant Colors of Inert-Gas-Shielded Metal 


Ares 
Electrode Shield 
material gas Color* 
Al(2S) Argon Orange-red central cone 
2% Mn steel Argon Blue central cone 
5% Al-95% Cu Argon Green central cone 
Al(28) Helium Red (no central cone) 


* Outside of central cone there is a gradation of color from red 
to blue-green. 


The emission spectrum for copper 


48 ] 


shows the strongest visible radiation 
in the green at wave lengths of 5218, 


5153 and 5105 A. units. Similar ex- 
amination of the iron spectrum shows 
an abundance of lines throughout the 
entire visible range. An integration 
for iron over the visible region by a 
method similar to that devised by 


ARC VOLTAGE — VOLTS 
T 
| 


Hardy for absorption lines would 
show that the predominant color is 


2S ALUMINUM WIRE 
24 wn STeeLwine — blue. It is evident, therefore, that 
SHIELD GAS — ARGON the color of the central cones using 
l2 WIRE DIA.—1/16 INCH steel and bronze wire is due to the 
ELECTRODE — POSITIVE —{ presence of metal vapor. The domi- 
| bs nant radiation from aluminum is in 
| } | the ultraviolet region with no appre- 
iable « i » visible range 
33 ciable amount in the visible range. 
The color of the are using aluminum 
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Fig. 5 Influence of arc length on voltage 
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wire is therefore due to the shield gas. 
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Fig.6 Argon-shielded arc with '/\«-in. diameter 2% Mn steel electrode 


Integration of the argon and helium spectra show that 
the color is predominantly red or orange-red as is 
evidenced by the color of the aluminum arcs. The 
emission spectra for these gases is produced by the very 
high current of the welding arc. These lines are not 
observed with the low currents normally used for 
spectroscopic studies. 

An argon shielded are using '/,-in. diameter 2% Mn 
steel wire is shown in Fig. 6. For a longer arc than that 
shown the outer discharge is brighter and more exten- 
sive. Photographs show the outer fringe of the inner 
cone to be brighter than its center. 

A number of photographs were taken at '/4 sec. 
with various filters. A red filter (Wratten 29F) pro- 


duced a large decrease in the brightness of the photo- 
graphic image showing that the largest portion of the 
visible light is below 6000 A. units. The central cone 
still appears brighter than the outer shield and the wire 
| tip is the point of maximum brightness. When infra- 
_ red film is used with this filter, the central cone image is 
darker than the outer shield. A green filter (Wratten 
) 58B) brings out the tip of the wire more clearly. This 
vis accentuated further by the use of a blue filter (Wrat- 
‘ten 47C5). In other respects the image is the same as 
phat obtained without a filter. 


Burn-Off Rate 


METAL TRANSFER 


The burn-off rate of an electrode wire in an inert-gas- 
shielded are increases with current in normal fashion 
but unexpectedly it decreases as the are length increases 
at constant current and this effect is pronounced at high 
current density. Under these latter conditions the to- 
tal power increases. However, the gain in power prob- 
ably is confined to the are column itself. This extra 
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energy is dissipated in the increased heat losses resulting 
from the greater arc length and thus cannot produce an 
increase in burn-off rate. Although the complete 
mechanism of decrease in burn-off length with are 
length increase is not fully understood, it is possible that 
a reduction in radiation incident on the electrode from 
the cathode pool may be responsible. 

Burn-off rate is not only a function of are length but 
is in part determined by the length of wire between the 
point of current contact and the are. This effect is only 
pronounced for high resistivity materials. 


Mechanism of Transfer 


A distinct change is noticed visually in the character 
of the metal transfer as the current and feed speed are 
increased. The transition is rather sudden. The 
relatively long and erratic intervals between drops 
change to short regular intervals at the transition zone. 
Above the transition zone the drops are formed and 
projected at such high rates that it is impossible to 
visually detect the presence of individual drops. 

High-speed motion pictures, however, show that 
drops do exist. As the current is increased, the drop 
size decreases and the number of drops per unit time in- 
creases. Eventually a point is reached where more than 
one drop is present in the are column at a given time. 
A large portion of the drops appear spherical and they 
are fairly uniform in size. 

An average drop size can also be determined with the 
aid of an oscillograph. Peaks on an oscillogram show- 
ing are voltage occur simultaneously with the detach- 
ment of a drop from the electrode. Average drop size 
may be calculated from the number of peaks and the 
amount of wire consumed in a given time interval. 
Figure 7 shows the variation of drop size with current, 
while Fig. 8 shows it as a function of wire feed rate. 
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out by the impossibility of welding overhead with a 


The transfer phenomenon is very complex and there- 


fore does not lend itself readily to analysis. With sim- bare, killed steel electrode. 

plifying assumptions, however, the character of metal The analysis for stick electrodes does not apply to the 
transfer can be explained at least qualitatively. Pre- are under discussion. Consider for a moment transfer 
vious consideration of this problem with heavily coated below the transition zone. In this case it is apparent 
stick electrodes led to the conclusion that the primary that drop size is determined by the surface tension of 
force resulting in the transfer of metal was the expansion the material independently of the current density or 
of gas at the electrode tip. This appeared to be borne wire size. The liquid-solid interface moves back up the 


wire as heat is applied. When sufficient wire is melted, 
the weight of the liquid and the magnetic pinch effect 
causes a section adjacent to the liquid-solid interface to 
neck down. Below the transition point the magnetic 


| 

| | effect does not provide sufficient force to cause the sep- 
7 WIRE OUMETER 1/16* | arated droplet to be projected 
3 across the are gap, and transfer, 
t therefore, occurs by gravity or 

{| \ other means 
| | |__\\ Above the transition zone the 
$ | \ | | electro-magnetic pinching force 
: | | becomes very large. Also, the 
: | || TT ] | surface of the wire tip probably 
| \ - | \ | reaches the boiling point before 
| tee 1 enough wire is melted to form a 


a ree below the zone. In consequence, 


Fig. 7 Influence of welding current on drop volume in 


the are if there were no magnetic forces, 


the melt would adhere to the wire 


because of surface tension and 


a | wing Sounce |__| transfer would occur principally 
| 2s- oscn . . 
} PICT | : 
%9 | (4 | | |_| foree present at high current is 
od Be | } | great enough to pinch off a small 
a size drop and then project it 
\ } | across the interelectrode space. 
| force is sufficient to project 
ry the drop vertically against gravity 
TI for a considerable distance. 
+ Figure 9 shows such a vertical 
100 180 Fig. 9 Overhead Projection from a diameter 
projection of a drop” aluminum wire at 150 amp. ing 
Fig. 8 Influence of wire feed rate on drop volume in the from a ‘/-in. di- ‘ 
arc ameter electrode argon. 


Table 3—Chemical Composition of Filler Wire and Deposited metal 


Chemical composition, 


Alloy type Cc Mn Si S P Ni Cr Mo Ti Pb Sn Al Cu Fe 
Stainless steel, Type 321 
Wire 0.079 1.48 0.58 0.016 0.019 10.52 18.58 0.95 
Weld 0.085 1.44 0.63 0.012 0.016 10.52 18 78 0.85 
Steel, Mn 
Wire 0.13 1.13 0.16 0.016 0.022 0.18 


0.09 1 07 0.017 0.023 


Weld 


0.02 
0.03 


Vir 0.005 

Weld 0.04 0.62 0.005 95.24 2.36 0.96 : 0.63 
Phos. bronze leaded 

Wire 3.66 5.24 Bal. 0.05 


Weld 
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Aluminum, 438 
, Wire || 4.57 95.37 0.05 0.40 
Weld 4.45 95.35 0.10 0.48 
Nickel, No. 61 
| 3.57 4.97 Bal 0.04 
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A particularly interesting characteristic of material 
transfer through the inert-gas-shielded metal are is the 
fact that the chemical composition of the metal which is 
transferred from the electrode wire to the weld deposit 
remains the same, i.e., no significant loss of individual 
elements occurs in transfer. A number of examples 
which illustrate this finding are listed in Table 3. Data 
are presented in this table which show wire composition 
and weld deposit analyses for several widely different 
type alloys. It is particularly interesting to note that 
even the extremely reactive elements can be transferred 
without significant loss. In all other arc-welding proc- 
esses substantial losses occur in transferring metal from 
the electrode to the weld deposit. The efficiency of 
transfer obtained with the inert-gas-shielded metal-arc- 
welding process affords many advantages resulting 
from the ability to match the base metal and weld 
metal chemistry. These advantages meclude better 
response to heat treatment in welded alloy steel struc- 
tures, better corrosion resistance in welded assemblies 
used in chemical service, elimination of differential ex- 
pansion in fabricated alloys used at elevated tempera- 
tures, ete. 


STABILITY 


Stability studies on ares usually involved the relative 
ease of sustaining the discharge. In low-current weld- 
ing arcs the drops periodically bridge the gap between 
the electrode and workpiece causing a short circuit. 
The are plasma then deionizes partially or completely 
during this period. Reignition occurs as the drop 
breaks contact with the electrode. Unstable ares will 
pop out at this time. This phase of stability is princi- 
pally dependent upon the characteristics of the welding 
power source rather than the are. Pop-outs result 
from slow voltage recovery or too low an inductance in 
the welding power source. In the inert-gas-shielded are 
at high current density the drop size is too small to 
bridge the electrode gap, therefore, instability due to 
this cause is not present. 


Stiffness 


An important aspect of are stability involves the 
‘tendency for the are to point in the same direction as 
the wire regardless of the inclination of the plate being 
Welded. The use of high current densities on small wire 
. open ares has permitted the observation of this ef- 

ect which has been called “stiffness.” The effect is il- 
lustrated in Fig. 10. To produce stiffness, a force field 
exists to hold the are in its axial or equilibrium position. 
The forces result from the motor action produced by 
are current flowing through a magnetic field. This 
magnetic field is set up by current flowing in the elec- 
trode. The field takes the form of rings around the are 
concentric with the wire. By Ampere’s law, each ele- 
ment of this wire produces a magnetizing force at any 
given point in the vicinity of the are. The magnitude 
of this force is given by the following equation: 
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Fig. 10 Illustration of arc stiffness 


dH = 44 az 


where 


current density in the wire. 

angle of inclination of the point with the plane 
normal to the element. 

incremental length of the element. 

distance from point to element. 

incremental area of cross section of element. 


This force is directed according to the familiar right- 
hand rule: i.e., in the plane normal to the axis of the 
element through the point in question and perpendicu- 
lar to the line adjoining the point and the element. It 
can be seen that the direction of this magnetizing force 
will vary with the position of the element in the wire. 
The total magnetizing force at any point can be deter- 
mined by a summation of the tangential components 
contributed by all elements in the wire. This involves 
integration through the cross section of the wire and 
along its length. This integration yields the following 
equation: 


l 


+3) ('- 


magnetizing force, oersteds. 
current, abamperes. 

radius of wire, cm. 

axial distance to point, em. 
radial distance to point, cm. 


By symmetry, it can be proved that the summation of 
radial components vanishes. The magnetizing force 
therefore produces a magnetic field which acts on the 
are so as to force it into alignment with the wire. The 
aligning force increases as the square of the current and 
is greater for small diameter wire. A plot of the re- 
storing force field pattern for 1/15 and '/s-in. diameter 
electrodes at currents of 100 and 200 amp. is shown in 
Fig. 11. 

The lines are formed from the locus of points at which 
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Multiples of five dynes per 
millimeter of are length were selected for plotting loci 
A logarithmic plot was 
Loci were 
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Magnetic restoring-force patterns 


From the density of lines on the left side of the plot, 
it can be seen that the portion of the are directly under 
the wire is stiffer than the portions further removed. It 
can also be seen that higher currents with smaller diam- 
eter electrodes produce stiffer ares 
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Theoretical wire response for a self-regulating arc 


Self-Regulation of the Are 


Mathematical Analysis. The fact 
that constant-speed wire feeders are 
are 


holding a steady 
with approximately constant-current 
that 
sort of self-regulating control is pres- 
ent. burn-off 
with increase in arc length at constant 


capable of 


indicates some 


power sources 


rate 


The decrease in 


current provides the source of regulat- 
This ability enables the 


ing ability. 
tip of the electrode to follow move- 
ments of the work relative to the 
electrode holder. The ability of the 
electrode to follow changes in contour 
can be evaluated by studying the re- 
sponse of the wire tip to oscillations 


of various frequencies imposed upon 
the plate being welded. 

Mathematical analysis can also be 
To do 


this, an assumption is necessary con- 


used to predict this response. 


cerning the mode of regulation. It 


was assumed that the rate of correc- 
tion of the tip of the welding wire is 
proportional to the displacement from 
The equili- 


its equilibrium position 


brium position is that position as- 
sumed by the electrode tip for normal 
This assumption appears 


are length. 


reasonable for this system. Ex- 
pressed mathematically: 
dx 
=0 
dt 7 


where 1/T is 
constant and z is the displacement 


the proportionality 


from the equilibrium position. 

When the plate is subjected to a 
sine wave oscillation of amplitude A 
the equation of 


and frequency f, 
motion is 


(x — A sin 2xft) = 0 


The solution to this equation is 


V1 + 


sin (2xft — arctan 


where R is fractional response (ratio 
of wire movement to plate move- 
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ment). It is seen that the frequency response curve 
is dependent on a single parameter, 7, the time con- 
stant. 

If the initial assumptions are correct, the band-pass 
curve obtained from actual test will belong to one of the 
family of curves shown in Fig. 12 and expressed by the 
equation 


l 
R=— 
V1 + 


Each curve corresponds to a different value of the time 
constant. 

Method. Figures 13 and 14 show the equipment 
used to oscillate the workpiece. The former is a close- 
up of the oscillating table. The top plate moves ver- 
tically on the large cylindrical slide. It is powered by a 
variable-speed motor through the gears, crank and con- 
necting rod. This method of drive results in a sinusoi- 
dal variation in plate position. The amplitude of this 
movement can be varied, but '/, in. was used through- 
out these tests. Oscillation frequency was measured by 
recording the occurrence of a particular crank position 
on a moving chart of known travel speed. It could be 
varied from 0.2 to 1.6 cycles per second. 

In Fig. 14 the general arrangement of apparatus is 
shown. The table is mounted on a carriage. Above 
the table is a laboratory model of a welding nozzle. 
Adjacent to the table and nozzle is a pinhole camera. 
The camera has a ground-glass screen upon which the 
are image can be viewed. The relative movements of 
table and wire tip can be determined from a scale drawn 
on the screen. 

It was sometimes difficult to determine the point of 
the table directly under the wire when making the 
measurements. The difficulty was overcome by plac- 


Fig. 13 Oscillating table for studying self-regulation of 
the arc 
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ing an acetylene flame on the table surface directly un- 
der the wire and measuring the excursion of its image on 
the ground glass. 

Recording meters were used to measure voltage and 
power. Current was measured with an indicating 
meter. Gas flow was determined with a standard 
flowmeter. 

For each frequency of table oscillation the ratio of the 
amplitude of wire movement to amplitude of plate 
movement was determined. This ratio times 100 is 
called per cent response. These values were plotted 
against the frequency of table oscillation in cycles per 
second. The curves were then drawn in the following 
manner. Values were substituted for the parameters 
in the theoretical response equations. The values 
were adjusted until the theoretical curves obtained us- 
ing these equations fitted the experimentally deter- 
mined points. 

Since the frequency response curves completely de- 
fine the transient behavior of the control system, re- 
sponse to any variation in work position can be deter- 
mined by mathematical analysis. An alternative 
method involves direct measurement of response from 
motion pictures taken while welding over a number of 
contours. The contours selected would have to be 
those most likely to be encountered in commercial 
welding. The first method results in economy of test- 
ing time. Flat plates rather than specially prepared 
projection samples can be used. Moreover this tech- 
nique is more informative since responses to irregulari- 
ties differing in shape or dimensions from those selected 
can be precisely determined. 

Four variations of the work position were selected for 
study. The names of those selected as well as diagrams 
which illustrate them are listed below. 


ig. 14 Arrangement of apparatus for studying self-regu- 
lation of the arc 
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TABLE OSCILLATION FREQUENCY ~ CYCLES PER SECOND 
Fig. 16 Frequency response for self-regulating arcs in Fig. 17 


Variation of frequency response with the type of wire for self-regulating argon arcs of average length 
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included because it tends to accentuate small differ- 
ences in control characteristics. 

All basic irregularities were set at '/s in. in height. 
Heights greater than '/, in. would necessitate manual 
adjustment of the nozzle to maintain adequate shield- 
ing. The ramp is 1 in. long, the triangle projection 2 in. 
long and the sine projection '/: in. long. It is believed 
that welding over these contours at a speed of 12 in. per 
minute represents as severe a condition as would likely 
be encountered in practice. 

Results. Some exploratory tests were run which in- 
dicated that variation of plate thickness and welding 
speed had a negligible effect upon regulation. A num- 
ber of tests were then run using several materials and 
wire sizes. 

Analysis of data on aluminum revealed that regulat- 
ing characteristics were not materially affected by cur- 
rent density or wire size within the 


range of wire diameter and current ita 


used. Therefore, typical curves for | = 
aluminum were drawn in Fig. 15 for p RY ; 
three are lengths. It is evident that 

are length is the major factor in af- —- 


fecting the frequency response. 

The effect of are length is again 
noted with stainless steel in Fig. 16. 
A major difference is that the maxi- 


WEIGHT OF ELECTRODE TIP-iN 


The results 


ferent volt-ampere characteristics. 
shown in Fig. 17. The frequency response was af- 
fected to the same degree as it would be by a change in 
arc length from to in. 

Figure 18 compares the regulation obtained with an 


are 


average length of are for all materials tested. Because 
of the large variation in resistance of the terminal por- 
tion, it is expected that the parameter (1 — A)/T 
should vary widely for the different materials. On the 
other hand, A/T would be expected to remain substan- 
tially constant. That this is so can be seen by exami- 
nation of Table 4. 

The data for steel were very difficult to obtain with 
an average length are. Unless a long are was held, the 
upward movement of the table resulted in a complete 
change of are characteristics. The normal are changed 
to a much shorter are that was smokey and had a 


mum response obtained is 40%. The ] 
same assumptions were made in arriv- 
ing at theoretical responses for stain- 
less steel as were made for aluminum. 
It was found, however, when ap —— | 
attempt was made to fit curves to ob- | | | 
served data that the equations had to L 
be multiplied by a fixed constant be- 
tween zero and one. This was due ——renrect 
- - RESPONSE SELF. PEGULATION 
to the fact that resistance heating in 
Fig. 19 Comparison of automatic and self-regulating arc control for | \s-in. 


shoe is not negligible in these alloys. 
_A revision of the theoretical curves 
’ based upon the assumption that burn- 
off rate is not only proportional to 
‘are length but to terminal portion as 
well, justified this procedure. 

_ The revised equation representing 
‘these curves is 

R = A — 

Vi + 
Wariations in the curves are due to 
variations of the parameters A and 
T. It can be proved that the change 
of burn-off rate with are length is A/T 


) the wire projecting from the contact 


HEIGHT OF ELECTRODE TIP-IN 


aluminum wire in argon using a short are length 


in. per second per inch of are length | — 
terminal portion. 


Since the welding generator char- 
acteristics exert an influence on self- 


Fig. 20 Comparison of automatic and self-regulating arc control for */\-in. 


regulation, a test was run with two dif- 
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stainless steel wire in argon using a medium arc length 
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Table 4—Comparison of Response Coefficients with 
Electrical Resistivity 


Resistivity, 


Electrode ohms /cire. mil. 

material ft. at 32° F. (1 — A)/T A/T 
Copper 10.4 0 1.29 
28 aluminum 17.6 0 0.806 
2% Mn steel 60 0.556 0.556 
8% Al-92% Cu 210 0.572 0.859 
Stainless Steel, 440 1.83 0.836 


Type 316 


square-ended electrode. It was further characterized 
by an unexpected increase in are voltage and the ap- 
pearance of spatter. An exceptionally long are had to 
be used in order to overcome this difficulty. This re- 
sulted in an increase of the time constant T. If an 
average arc could have been held, the values of A/T and 
(1 — A)/T would have changed so as to provide a bet- 
ter correlation with the other values in Table 5. 

Figures 19 and 20 show the control to be expected for 
the four variations in work position using stainless steel 
and aluminum. A similar analysis was made for a weld- 
ing unit employing automatic voltage control and the 
expected control plotted for comparison. There ap- 
pears to be little difference in the case of aluminum, but 
the difference for stainless steel is appreciable. 


SUMMARY 


In reviewing the characteristics presented it can be 
seen that several are peculiar to inert-gas-shielded me- 


tal ares provided high current density is employed. 
The most interesting of these are as follows: 


1. Large positive slope of the volt-ampere charac- 
teristic. 

2. Stiffness of the are column. 

3. Sudden transition in drop size with increase in 
wire feed speed. 


The latter characteristic is the most striking and sig- 
Above the transition zone the arc has greater 
In this range, metal transfer 


nificant. 
commercial application. 
is produced by large electromagnetic forces which are 
capable of projecting the small droplets of metal in an 
axial direction for a considerable distance. Moreover, 
the smaller drops have less disrupting effect on the inert 
gas shield which results in negligible alloy loss in trans- 
ferring metal through the arc. The increased stiffness 
which occurs at high current densities permits excellent 
control of the weld pool which in turn results in the abil- 
ity to weld in all positions. 
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Pressure Welding 


Part I—History. Part I[—Cold-Pressure Welding 


§ History with a brief review of principal patents and literature. 
Critical part of cold-welding processes is cleaning of surfaces. Physical 
properties are indicated, also structures, equipment and applications 


by F. C. Kelley 


Part I—History 


HE art of “pressure,’’ or “solid phase,’’ welding is 

old. As early as 3000 B.c. the Egyptians heated 

iron ore in a charcoal fire to reduce it to sponge iron; 

the particles were then welded together by ham- 
mering.' In 1829, Wallaston produced sponge platinum 
and welded it together by cold pressing, sintering and 
then hammering while the metal was hot.* 

In 1853, a U. S. Patent was granted to Henry Hunt 
on a method of sealing a tin can to make it vacuum- 
tight.* A small, short tube of any pliable metal (pref- 
erably block tin or lead) was secured to the head of a 
tin can by an air-tight joint. After the can was filled 
and its cover soldered in place, it was evacuated through 
the tube. The walls of the tube were then ‘‘mashed”’ 
or forced together by means of a pincers or other suit- 
able tool; the resulting joint was an air-tight cold weld. 


The upper part of the tube was cut off and the end of 
the remaining part soldered over to insure that the 
seal would remain tight. 

Thomas J. MeTighe was granted a U. S. Patent in 
"188L on a method of making lead cable.4 Grooved 
‘lead sheets, with insulated wire placed in their grooves, 
were passed through corrugated or grooved rolls under 
heavy pressure, with the result that the strips were 
Welded together. To facilitate production, MeTighe 
a to manufacture the grooved strips and, when 

hey emerged from the press or rolls, lead the still 
warm and unoxidized metal directly into the welding 
rolls. 

A U.S. Patent was granted to James H. Bevington 
in 1891, on a method of closing or joining tubes.5 The 
process called for pushing the ends of the tubes into a 
die revolving at a rate sufficient to heat the metal 
through frictional contact, thereby softening the metal 
and causing it to weld. A variation in the basic method 


y ¢ Kelley is connected with the G-E Research Laboratory, Schenectady, 
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provided for the tube to revolve while the die remained 
fixed; the tube and die could also be revolved in oppo- 
site directions. 

Alexander Dick was granted a U.S. Patent in 1903, 
on a process for uniting metals. His patent covered a 
method for welding copper, copper alloys, aluminum 
and similar materials which previously had been joined 
by a low-temperature solder or alloy, thereby dis- 
allowing a subsequent heating operation. The wire, 
sheet or rod to be welded was first heated; then the 
oxidized ends or surfaces were removed by a saw or 
wheel. Immediately, the clean surfaces were brought 
together under pressure and then forged, or a non- 
oxidizing atmosphere could be used to prevent oxida- 
tion of the freshly cut surfaces. 

AU.S. Patent granted to William Schieber described 
a method of welding copper, nickel and copper or nickel 
alloys.’ The parts to be welded are heated to a tem- 
perature below the melting point in an atmosphere of 
hydrogen and oxygen and are then united by hammer- 
ing or pressing. The composition of the atmosphere 
used is such that the proportion of hydrogen to oxygen 
exceeds the ratio 2H: O. 

A. U. 8S. Patent granted to John L. Fate in 1921 
covered a method for sealing a vacuum jacket.’ After 
the jacket was exhausted, the walls of the exhaust tube 
were flattened using a specially designed pincers. A 
current was then passed through the pincers to produce 
a weld. 

Percy E. Hunter received a U.S. Patent in 1925 on 
an apparatus for welding metal.’ This welding machine 
was made to join specially designed joints under con- 
tinuous pressure. One die was stationary and the other 
movable; the parts were heated and pressure applied 
by hydraulic means. 

“Pressure Welding of Low-Carbon Steels with Theo- 
retical Considerations of Mechanisms of Such Welding.” 
published in 1932 by C. R. Austin and W. 8. Jeffries," 
describes the pressure welding of steels in air, hydrogen 
and vacuum, at temperatures ranging from 1100 to 
1500° C. The reported results varied because of oxide 
films, variations in surface alignment and differences in 
the characteristics of the surfaces welded. Smooth 
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surfaces gave the best results; oxidized surfaces gave 
poor welds or no welds at all. Likewise, the best results 
were obtained in hydrogen atmospheres. Impact welds 
gave no better results than pressure welds. 

Examinations of fractures under a binocular micro- 
scope and of polished specimens, both etched and un- 
etched, revealed welded and unwelded areas, oxide 
inclusions and variations in grain orientation on either 
side of the joint. 

Welds made in air always broke at least partly in the 
junction line of the weld. When perfectly flat surfaces 
in perfect alignment were rotated, the strength of the 
joints were markedly improved. 

In “Some Fundamentals of Spot Welding, Especially 
of Light Alloys,”’ published by Raymond H. Holbrock" 
in 1935, it was shown that aluminum and its alloys 
could be welded by heating, between the electrodes of a 
spot-welding machine, to a temperature below the 
melting point and applying pressure. 

W. D. Jones, in his book Powder Metallurgy’? pub- 
lished in 1937, wrote as follows: 

“Two metal surfaces, if sufficiently clean and suffi- 
ciently flat, will weld or sinter together without the use 
of high temperatures. The conditions of commercial 
welding or sintering as far as temperature is concerned 
are purely a question of plasticity. Naturally, a plastic 
metal under pressure will have a larger number of true 
contacts than a rigid one. The effect of increasing 
temperature is merely to increase the plasticity of the 
metal concerned.” 

The book Silver in Industry, edited by Lawrence 
Addicks and published in 1940,'* contains the following: 


“Temperature 

“Since heating (short of fusion) increases plasticity, 
temperature becomes an important factor in welding by 
promoting intimacy of contact. Elevated temperature, 
therefore, promotes pressure welding, but is not an 
essential condition. 


“Pressure 

“Application of pressure supplements heating and 
plasticity in bringing about the required intimacy of 
contact . if the surfaces are ground flat to a degree 
possible with optical glass, both pressure and heat may 
disappear as factors. 


“Time 

“Time is an important factor in producing a strong 
bond in pressure welding. It is not an essential factor 
as instantaneous welds may be made under favorable 
conditions.” 

In 1941, Oskar Renner was granted a U.S. Patent" 
on a method for welding metal (steel) rails under pres- 
sure. He heated clean, polished, flat surfaces under 
pressures of 300 to 2000 psi., at temperatures of 1000 
to 1300° C. for three minutes, using oxygen and fuel 
gas or high-frequency induction heating, to obtain 
welds. 


In 1944, A. B. Kinzel, lecturing on the subject 
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“Solid Phase Welding,’ claimed that the solid-phase 
welding of structural members was relatively new. He 
said that the complete elimination of the interface in 
steel, as determined by the microscope, is the best 
scientific criterion of the worth of a pressure weld. 
He also claimed that, in the solid-phase welding of fer- 
rous materials, 1050° C. is the minimum temperature 
which will diffuse the interface film in the short time 
available in pressure welding. 

The Linde Air Products Co., with which Kinzel is 
associated, holds patents on pressure welding with gas 
heating. One license is that of the Menasco Co., whose 
process for butt joints in bars and tubes is called 
“Uniwelding.”” It is reported that this company is 
currently producing about 30°% of the landing gear for 
U.S. military aircraft. 

A paper, titled “The Pressure Weldability of Iron’”’ 
and written by Hans Essler'® in 1946, deals with the 
welding of three different grades of electrolytic iron. 
Pressure was applied after the irons had been heated in 
a vacuum. Highly polished surfaces gave better results 
than rough ones, and fine-grain structures showed the 
best results and highest weldability. At 900° C. the 
grains grew across the interface; weldability increased 
with temperature and, the higher the temperature, the 
less was the amount of pressure required to produce a 
weld. Pressures of 0.64, 1.27 and 2.23 tons per square 
inch were used; at the melting point, zero pressure was 
required to obtain a weld. It was found that a carbon 
content of 0.4 to 0.5 was the maximum for good weld- 
ability. 

A paper written by H. Herrmann” during the war 
and obtained in Germany by an investigating team is 
titled “Pressure Welding’’ and deals with the manu- 
facture of a light-alloy charge-cooler element used with 
the Jumo 211-F engine in the Junkers 88 aircraft. 
This charge-cooler was hot-pressure welded from an 
aluminum alloy known as “‘Pantal,’’ having the follow- 
ing composition: 


Magnesium 0.79 
Silicon 1.10 
Manganese 0.85 
Iron 0.39 
Titanium 0.02 
Copper. 0.13 
Zine 0.15 
Nickel 0.05 


Aluminum Balance 


Cleaning was accomplished by dipping the material 
for one-half minute in 15-20°% nitric acid at room tem- 
perature, rinsing in water, dipping in 15-20°% sodium 
hydroxide at a temperature not over 50 or 60° C., 
rinsing in water, dipping again in 15-20% nitric acid 
and rinsing again in water. The material was then 
dried in an electrically heated furnace and the side to 
be welded was wire brushed. 

Any fingerprints left on the sheet produced a faulty 
weld and could be removed only by wire brushing or 
grinding. The least expensive procedure for use on a 
large scale proved to be etching the sheet before the 
last pass through the rolling mill, and finishing with 
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polished rolls. The sheet was then wire brushed at the 
fabricating works not more than one to one and one-half 
hours before pressure welding. 

Two sheets of Pantal, each 0.4 mm. thick, were 
pressure welded together in elaborate dies heated to 
420-480° C., depending upon the alloy used. The die 
steel was the following composition: 


Carbon 1.8 to 2.0 
Silicon 0.5 
Chromium 12.3 
Vanadium 

Iron Balance 


A reduction of about 50° and a pressure of about 
3.2 tons per square inch was required for welding the 
Pantal alloy. 

Prevention of sticking required that the dies be 
machined and ground. Surfaces which were too smooth 
caused sticking; even though the dies were coated with 
a mixture of tale and saltpeter before the initial heat- 
ing, the first six to ten parts stuck fast to the dies and 
had to be torn off. Sticking became less frequent as 
the tools roughened, and then stopped completely. 

Every second sheet was smeared thinly with a mix- 
ture of tale and saltpeter in water, and washed imme- 
diately after welding because of the danger of corro- 
sion. The saltpeter melts at 300° C., causing slight 
dampness of the die; enough salt and tale adhered to 
the welding tooth after welding to permit one more 
article to be welded without applying additional lubri- 
cant. The formula for the lubricant was as follows: 


French chalk, kg. 
Water, kg. ‘ 3.5 
Sodium nitrate, kg... . 0.8 
Potassium nitrate, kg. 0.3 
Potassium chromate, kg... . . . 0.015 


“A Few Observations on Solid Phase Bonding’’ is 
the title of a paper by George Durst'* which appeared 
in 1947. The author claimed that the pressure welding 
of aluminum could be accomplished only under a shear 
stress because of the oxide film on the metal surface. 
He described the welding of copper to copper and nickel 
to nickel in a vacuum by dropping a pointed rod on a 
flat plate by the use of magnets. The absorbed films 
were removed in the vacuum and no heat was required. 
The following paragraph is quoted from the above 
paper: 

“Aluminum can be pressure welded satisfactorily 
only under shear stress, independent of welding tem- 
perature, due to the extremely tough though invisible 
oxide film which, fortunately, can easily be broken up 


by rolling, forging, or upsetting. Pressing without any 
lateral movement will not destroy it sufficiently.’’ 


THE PROCESS 


Many like metals, as well as dissimilar ones, have 
been cold welded by each of several methods. Pressure 
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Part II—Cold-Pressure Welding 


“Pressure Welding of Light Alloys Without Fusion,”’ 
by R. F. Tylecote,” appeared in 1945. Tylecote 
showed that aluminum and aluminum alloys could be 
welded under pressure at different temperatures below 
the melting point. A certain minimum deformation 
was necessary to obtain a satisfactory weld at each 
temperature, and the material had to be pickled and 
wire brushed before welding. This method of cleaning 
permitted welds to be made by heating the material 
and deforming it only 20%. Tylecote also stated that 
welding could probably be accomplished at tempera- 
tures down to room temperature if higher pressures could 
be used. 

In 1947, a U. S. Patent was granted to Garner and 
Bricker” on a method of cold welding exhaust tubes of 
materials such as copper, brass, etc. Their method 
used two round, parallel jaws of a metal harder than 
the exhaust tubes, which were pressed against opposite 
sides of the tubes until the material began to flow 
between the rods, and the line of demarcation between 
the two walls disappeared. Radial flanges of an en- 
velope shell could be sealed by welding between two 
hardened steel rings, or the seal could be made by 
pressing in sections or with high-pressure rolls. 

A U.S. Patent granted to Richard 8. Reynolds,?! in 
1949 describes a method for cladding steel with alu- 
minum. The steel is electroplated with a 0.0001-in. 
thickness of iron on one or both sides. Aluminum foil 
is then applied to the plated surface and hot-rolled at 
800 to 900° F. 

“Cold Pressure Welding’’ is the title of a booklet 
issued by the British General Electric Co., Ltd., and 
dated November 1948.22. This booklet describes the 
welding of aluminum to aluminum, aluminum alloys, 
cadmium to cadmium, lead to lead, copper to copper, 
nickel to nickel, zine to zine and silver to silver. The 
method of cleaning (wire brushing) before welding and 
the tools used are described; a table which reveals the 
amount of deformation required to cold weld each of 
the various metals is included. 

A study of the voluminous bibliography abstracted 
above reveals that most early pressure welding was 
done by heating. It is also apparent that some recog- 
nized that welding could be done cold if higher pres- 
sures were used. It is probable that the recent com- 
mercial applications of cold welding derive, in part, 
from observations made in Germany. After the war 
was over, British scientific personnel had an oppor- 
tunity to investigate at first hand the German accom- 
plishments, especially in the hot-welding field. 

See “Bibliography”’ at end of Part IT. 


may be applied by two punches or tapered rolls held in 
perfect alignment, by a shoulder punch on one side of 
the material and a flat plate or anvil on the other or 
by a single tapered roll and a flat-surfaced roll. Punches 
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with shoulders have been used to control the amount of 
punch penetration into the material and flatten the 
deformed sheets at the same time. 

The most critical part of the cold-welding process is 
the cleaning of the materials before welding to remove 
the oxidized layer on the surface to be welded. In the 
case of aluminum, chemical cleaning is not satisfactory. 
Even after etching, thin layers which are produced on 
the surface by the chemical reactions must be removed 
by wire brushing. Wire-brushed aluminum does not 
have to be welded immediately; it can be left standing 
for several hours and still give good welds. A combina- 
tion of pickling and wire brushing has been found to be 
satisfactory for various metals. Grit blasting followed 
by wire brushing has also given good results. 

One procedure may include the following steps. 
After the materials have been wire brushed, the two 
cleaned surfaces are placed together between the 
punches shown in Fig. 1. The punch assembly is then 
placed in a hydraulic press (as in Fig. 2) and pressure 
is applied. As shown in Fig. 1, the punches are wedge- 
shaped, the angle between the wide faces being ap- 
proximately 60°. When pressure is applied to the 
assembly, the punches penetrate the material, causing 
it to flow laterally. 

Figure 3 shows the amount of deformation which 
occurs when aluminum is welded with punches having 
no shoulders. The amount of deformation required to 
produce a satisfactory weld is quite critical and varies 
with different metals. The deformation for aluminum 
is about 70%; thus the thickness of the material left 
in the weld is only 30° of the original joint thickness. 
The British call this number, i.e., the percentage of 
material left in the weld, the “Figure of Merit.’’ (See 
“Figures of Merit’ for various metals in Table 1.) 


Fig. 1 Punch assembly for cold-pressure welding 
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Fig. 2 Hydraulic Press 


For example, if two .050 inch sheets of aluminum are 
cold welded, where ¢ is the thickness of the finished weld 
and T is twice the original thickness of the material, 
then: 


t 30 
100 or 100 x 100 = 30 


Therefore, 30 is the correct 
thickness to leave in the gap between the plungers to 
This is the “Figure of 


percentage of original 


produce a satisfactory weld. 
Merit’’ for aluminum. The dial gage attached to the 
punch assembly (shown clearly in Fig. 1) can then be 
set at .030 inch with the punch faces together. The two 
.050 inch sheets are then inserted between the punches 
and pressure is applied until the dial indicator registers 
Qin. This leaves .030 inch of metal in the weld. 


tion when punches without shoulders are used 
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Fig. 3 Cold-pressure weld between two sheets; deforma- 
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The speed with which the weld is made seems to 
make little difference in the amount of deformation 
required or in the strength of the welds. The essential 
part of the cold-welding process is that the clean sur- 
faces of the sheets to be joined be brought together 
during deformation so that the atoms of one surface 
are pushed into the atom structure of the other and the 
interface between the two is eliminated completely. 
This is possible with the more ductile metals; they 
are forced into intimate contact and, as they flow 
laterally from under the punches, the atoms of the 
two surfaces intermingle and a weld is formed. Fric- 
tion between the flowing metal surfaces probably re- 
sults in seizure and aids in welding. Since welds can 
be made by applying pressure very slowly, there is 
little evidence that heat of deformation plays much of 


a part in the cold welding of aluminum. The chief 
function of heat in pressure welding is to increase the 
ductility of the metals, allowing them to be placed 
into more intimate contact at lower pressures, as well 
as to increase the mobility of the atoms. Considerable 
cold work will exist in a cold weld and this may be 
decreased by the annealing action of heat, as in a hot 
weld. 

When two strips of metal, cold welded together, are 
pulled in tension, putting the joint in shear, failure 
occurs at the periphery of the necked-down section of 
the strip. The welded area is left in relief on one strip; 
a hole appears in the other where shearing took place. 
It is difficult to measure the area of the sheared section; 
so the breaking load (in pounds) is the only accurate 
measure available to determine the strength of the weld. 


Table 1—Results of Tests on the Cold Welding of Various Metals 


Punch 
width, 
Metals welded in.* 


Figure Welding Welds 
f 1. 


Average 
breaking 

per load, 
specimen 


Similar metals 


Aluminum to aluminum 


Lead to lead 


Cadmium to cadmium 
Tin to tin 
Zine to zine 


Brass to brass 
Annealed 
Cold-rolled 

Copper to copper 


Iron to iron 


18-8 to 18-8 
Nickel to nickel 


on Al 
'/s on Pb 
Aluminum to brass Ve 

Aluminum to copper # on Cu 


Aluminum to lead 


Aluminum to iron 
Aluminum to nickel 


Lead to tin 

Cadmium to tin 1 

Cadmium to lead /s on Pb 
on Cd 


Zine to aluminum 

Zine to brass 

Zine to copper 

Zine to iron 

A Brass to copper 

Brass to iron 
Brass to 18-8 


Brass to nickel 


Copper to iron 
Copper to nickel 
Copper to 18-8 


Iron to nickel 
Iron to 18-8 
Nickel to 18-8 


NNNNN 


to 


* Length of all punches is 0.325 in. 
t Failed by tearing at periphery of necked-down section. 
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aa 
30 1,250 211 
30 1,250 380 
30 1,250 434 
30 250 29 
30 250 72 
16 1,250 149 
ea he 16 350 104 
16 3,100 184 
12 3,100 253 
16 7,500 465 
11 3,200 327 
11 3,200 609 
8 5,500 503 
8 5,500 609 
6 8500 28 
6 5,750 553 
Dissimilar metals 
30 1,000 41 
30 2,400 191 
16 171 
oa '/ig on Al 12 3,800 200 
on Ni 8 5,000 148 
4 on Al 
30 250 47 
— ‘ 30 450 90 
_ 24 300 40 
the 30 5,300 : 246 
j Hie 16 4,700 385 
he 16 4,500 444 
| 12 5,300 274 
16 6,500 421 
12 12,000 617 
'/ on 18-8 11 7,100 571 
on brass 
on Ni 12 7,000 422 
1/16 on brass 
16 7,000 451 
ie 11 4,375 398 
on Cu 7,100 592 
on 18-8 
12 11,000 709 
6 7,000 445 
6 7,300 595 
732 


Fig. 4 Aluminum to aluminum weld 
It is possible to make several welds on two strips of 
metal and cause a break across the entire strip, but in 
this case the path of rupture is always through one or 
more of the necked-down sections. 


PHYSICAL PROPERTIES OF VARIOUS 
COLD-WELDED METALS 


Tabie 1 is a tabulation listing metal combinations 
which were cold welded, the number of welds per 
specimen, sizes of the punches used, the “Figure of 
Merit,”’ the average breaking load in pounds and the 
pressure required to make a weld with the punches used. 

It should be noted that, when welding aluminum to 
aluminum, two or three welds in a single specimen do 
not produce two or three times the strength of a single 
weld. This is a result of the deformation which the 
metal undergoes when more than one weld is made. 
That is, each weld made on a small test specimen in- 
creased the deformation and may weaken the welds 
already made due to the additional stress. All of the 
test specimens were flattened after welding: this prob- 
ably introduced additional stress. When the specimens 
are pulled in tension, one weld may be subjected to a 
greater stress than the others and hence yield first. 
This results in a lower average breaking load. 


3 


Mluminum to aluminum weld showing effect of 


Fig. 5 
irregular surface 
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Fig. 6 Copper to copper weld 


In each case, the size of the punches used is listed in 
the table. When a ductile metal like aluminum is 
welded to a less ductile one like nickel, it is desirable 
to use a narrower punch on the nickel in order to obtain 
about the same penetration in the nickel as in the 
aluminum. 

The table demonstrates how the Figure of Merit 
decreases, and the welding pressure increases, as the 
metals become harder and less ductile. 


STRUCTURE OF WELDS 

Figure 4 is a photomicrograph of a cold-pressure 
weld between two strips of Type 2S aluminum. This 
material contains considerable impurities, which help 
to show the flow lines in the metal. There is, however, 
no indication of the exact location of the original inter- 
face between the two welded strips. 

Figure 5 shows another weld between two pieces of 
aluminum, used in the home freezer unit. It reveals 
neither flow lines nor the original position of the inter- 


i > 


Fig. 7 Copper to aluminum weld 
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Fig. 8 Dow Metal to Dow Metal 


face. Figure 6 reveals the structure and flow lines in 
two pieces of copper which were cold welded. 

Figure 7 shows a weld copper and aluminum. Etch- 
ing has produced a slight difference in level between 
the adjacent surfaces of the two metals so that, when 
the specimen is illuminated under the microscope, a 
shadow is cast and the interface is apparent. A slight 
difference in color can also be distinguished in the 
photomicrograph; this alone would reveal the exact 
position of the interface. 

Magnesium alloy (Dow Metal) cannot be welded at 
room temperature. However, at 300 to 400° C., it 
welds nicely, recrystallization takes place, and, as 
shown in Fig. 8, no trace of the interface can be dis- 
tinguished. 


EQUIPMENT NECESSARY FOR 
COLD WELDING 


The equipment required for cold welding is very 
simple, as shown in Fig. 2. The die set used to hold 
the punches may be mounted in a machine and operated 
in much the same manner as a punch press. In this 
case, the amount which the punch penetrates the metal 
might be controlled by a cam or by some other means. 
The cost of such equipment is far less than that of the 
equipment required for electric welding, and the main- 


Fig.9 Deformation in aluminum to aluminum weld 
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tenance and upkeep costs likewise are smaller. In the 
case of aluminum, cold welding causes no pickup on 
the punches. On the other hand, line welding or spot 
welding of aluminum, by electrical means, requires 
constant cleaning of the wheels and electrodes because 
they pick up metal during the welding operation. 


APPLICATIONS 


While cold-pressure welding is not a “cure-all” 
method for joining metals, it has its field of application 
and it so happens that aluminum, one of the most 
difficult metals to weld by conventional methods, is 
quite easily welded by this method. Figure 9 shows 
two cold welds between two strips of aluminum, and the 
deformation which results from the operation. 


Fig. 10 Miniature home freezer unit 


Figure 10 is a photograph of a miniature home freezer 
unit cold welded by the British G-E Co. In the photo- 
graph, the unit is bottom side up to show the line weld 
along the flanged edges. This line weld was made 
with a wheel tapered to the shape of the punches, 
shown in Fig. 1, which was used to make the depres- 
sion along the top flange, while a flat wheel was used 
as an anvil on the lower side. Small, rectangular welds 
are visible on the right front side of the box. 

The depth of the depression made in the top sheet by 
the tapered wheel is greater than the thickness of the 
sheet; had the bottom sheet not flowed also, the top 
sheet would have been cut through. The top sheet is 
quite thin in the welded area, but is firmly joined to 
the thicker bottom sheet. 

The British G-E Co. has produced cold-welded tubing 
by rolling up a strip of aluminum with flanges on the 
edges. These flanges, which are wire brushed before 
the tube is formed, are welded by passing them between 
two rolls which deform the metal sufficiently to produce 
a cold weld. The welded tube is passed through a 
machine which trims the welded flange and is then 


THe WELDING JOURNAL 


P 
b ak 2 
— 
4 — ~ 
ites 
q 


Fig. 11 


fluminum tubing 


Fig. 12 Cold-welded specimens 


ground to smooth up the trimmed edge. A piece of 
this cold-welded tubing is shown in Fig. 11. In the 
center of Fig. 12 is a flattened, cold-welded aluminum 
tube used for cable sheathing by the British. The 
wires can be seen protruding from one end. 

The copper tubing used in the regulator of the G-E 
refrigerator has been sealed by pressure welding. Tests 
conducted on these welds have shown them to be 
vacuum-tight. The necked-down sections of these 
welds are about five to .005-.006 inches thick. Twosuch 
welds can be seen in the U-shaped tube shown in Fig. 12 

When aluminum is brazed or welded to copper, there 
is a tendency for a brittle alloy to form in the joint. 
Also, such joints are subject to electrolytic corrosion; 
they must be protected from the atmosphere by coat- 
ings which prevent moisture from reaching them. 
Figure 13 is a photomicrograph of a cold weld between 
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Fig. 13 Cold-welded joint between aluminum and copper 
after being heated at 400° C. for 24 hr. 


copper and aluminum, which has been heated to 400° ¢ 


for 24 hr. 
formed by diffusion at the interface. 


Note the brittle copper-aluminum alloy 
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Fig. 14 Cross section of cold- 


ressure weld between copper 
and aluminum = tt 


lagnification about 6 X) 


Since joints between aluminum and copper are used 
in the G-E refrigerator and it was desired to avoid 
formation of this brittle alloy, it was decided that an 
attempt would be made to cold weld flanged tubes of 
these two materials. Because the cold-welding opera- 
tion requires drastic deformation of the metals, it was 
necessary to obtain special tubes, the ends of which 
were upset to produce a flange with a thickness about 
three times that of the tube wall. Two such tubes are 
shown in Fig. 12, next to the cable sheath mentioned 
previously. In this figure, adjacent to the two tubes, 
is shown a cold-welded specimen which was broken by 
inserting a chisel between the aluminum and copper 
flanges. The aluminum has been torn off at the periph- 
ery of the necked-down section of the weld, leaving 
an aluminum ring firmly welded to the copper flange. 
In this particular case the aluminum tube has been 
broken off at the inner portion of the necked-down 
flange. 

Figure 14 is a photograph of a cold-welded section of 
aluminum and copper tubing. The thickness of the 
welded area is clearly shown. In order to make this 
weld, it was necessary to make the two ring-shaped 
dies with the proper contour to make the desired im- 
pression in the flanged materials. A close-fitting steel 
mandrel was inserted in the tubes to hold them in 
alignment and prevent the metal from flowing inward 
and partially closing the tubing when pressure was 
applied. It was also found necessary to hold the dies 
in perfect alignment to obtain satisfactory welds. 

Despite the success of this process in joining the dis- 
similar metal tubes and eliminating brittleness, certain 
factors prevented it from being used in production. 
First, it was difficult to obtain, at a reasonable cost, 
tubes with flanges of sufficient thickness. Second, there 
is some question as to whether the strength of this cold- 
welded joint was great enough to meet engineering 
requirements. Figure 15 shows the flanged copper and 
aluminum tubes after cold welding. 

The two pieces of aluminum strip shown taped to- 
gether in Fig. 12 are pieces of a cold-welded specimen 
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Fig. 15 Cold-welded aluminum to copper tubes 


which was sheared by pulling in tension. The holes 
left in the upper strip, where it has sheared at the 
periphery of the cold weld, are evident. The metal 
torn from the upper strip can be seen standing in relief 
on the lower one. 

It is obvious that when cold welding is considered for 
a particular application, the thickness of the material 
left in the necked-down section of the weld must be 
adequate to meet requirements. This is illustrated in 
the joining of wires which must carry current: the 
welded or necked-down section must have a cross 
section large enough to carry the required current 
without overheating. 

As yet, there has been little application of cold 
welding in the production field. However, the strength 
of the welds, as indicated in Table 1, and their struc- 
ture, as shown in Figs. 4 through 8, along with the 
applications cited, indicate that the use of this process 
might be extended greatly by applying it in certain 
fields and to metals other than aluminum and copper. 


Bibliography 


1 Powder Metallurgy, stine by John Wulff, American Society for 
Metals, Goveland Ohio 1942, p. 


atent No. 9,989, Sept. 6, 1853 

S. Patent No. 246,407, Aug. 30, 1881. 
3. Patent No. 444,721, Jan. 13, 1891 
. 731,100, June 16, 1903 
$. Patent No. 1,013,620, Jan. 2, 1912 

Patent No. 1,388,248, Aug. 23, 1921 
’. Patent No. 1,560,820, Nov. 10, 1925 

10 Austin, C. R., and Jeffries, W. S., ‘Pressure Welding of Low-( Yarbon 
Steels — Theoretical C onsideration on the Mechanism of Such Welding,” 

Tech. Pub. No. 451 (19 

11. Mont ‘rock, Raymond H., “Some Spot Welding, 

= ially of Light Alloys,” Metals & Alloys, 6, 19 (19. 
Jones, W. D., Powder Metallurgy, 1937, C ‘hapter assiv e Metals,” 


13. Silver in Industry, edited by Lawrence Addicks, 1940, Chapter 6, 
‘Low-Temperature Bonding of Silver 
14. U.S. Patent No. 2,231, 027, Feb. 11, 1941 
15. Kinzel, Augustus B., “Solid Phase Welding,"’ Adams Lecture of 
American Welding Soc iety, 1944 
er, Hans, “Pressure Weldability of Iron,” Sheet Metal Industries, 


16. Ess 
23, 1 578 (1946) 
1 Herrmann, H., “Pressure Welding,” Metal Ind., 68, 143 (1946.) 
18. Durst, George, 5 few Observations on Solid Phase Bonding,” 
Metal Progress, $1, 97 (1947). 
Tylecote, R F., “Pressure Melting of Light Alloys Without Fusion,” 
Tae Journat, 26 88 (1 ) 
U. 8. Patent No. 2,427, 507. Gopt 16, 1947 
21. U. 8. Patent No 2,484,118, Oct. 11, 1949. 
22. “Cold eyeantre Welding,"’ General Electric Co., Ltd., Magnet House, 
London W.C. 
23 ussbaum, A. I, oining Large Sections of Low Alloy Steels by 
Gas Pressure Welding,’ ween & Methods, 31, 60 (April 1950). 


THe WELDING JOURNAL 


: 
Ei 
4 
i 
Lie 
i 
4 
4 
| 
| 


PRACTICAL WELDER AND DESIG 


Design Data for Brazing—Part IV 


§ The material presented is design data recommended by the 
Welding Section of the Schenectady Works Laboratory and is 
being used by Design Engineers within the General Electric Co. 


by W. J. VanNatten 


IV. BRAZING PROCESSES (HEATING 
METHODS) 


FTER the parts to be brazed are designed, and the 
proper filler metal and flux specified, there enters 
the problem of determining the best method of 
heating to achieve the desired results. 

It is generally agreed that consistent quality should 
result in a number of parts being brazed by any one 
specified process. The base metal and design of the 
joint together with the shape and size of the part or 
assembly, plays a great part in determining the brazing 
which process should be used for any particular appli- 
cation. 

The brief descriptions of brazing processes given be- 
low should be used only as a guide in determining the 
process best suited for a particular job. 


A. Resistance Brazing 


Resistance brazing is a brazing process in which 
coalescence* is produced by the heat obtained through 
the resistance of the work to the flow of electric current 
in a circuit of which the work is a part, or by the re- 
sistance to current flow of the electrodes holding the 
work, using a nonferrous filler metal having a melting 
point above 800° F. but. below that of the base metals. 
The filler metal is distributed in the joint by capillary 
attraction.T 


Advantages 
1. Rapid localized heating is possible. 
2. Work may be set up for a fairly high rate of pro- 
duction. 
3. This method of brazing is ideally suited for use 
with low-melting silver alloy filler metals. It 
is especially applicable for use with self-fluxing 


‘ 


W. J. VanNatten is with the Welding Section, Schenectady Works Lab 
General Electric Co. 


* Coalescence expresses the idea of uniting or joining by growing to- 
gether. 

+ Capillary attraction is the phenomenon by which adhesion between 
the molten filler metal and the base metals, together with the surface tension 
of the molten filler metal, distributes the filler metal between the properly 
fitted surfaces of the joint to be brazed 


Aveust 1951 


Practical Welder and Designer 


filler metals on nonferrous base metals such as 


copper, phosphor bronze, etc. 


Limitations 

1. Accurate temperature control is sometimes diffi- 
cult. 

2. Localized heating may cause some distortion of 
the work. 

3. The size of an assembly which can be brazed by 
this method is limited. 

4. This method of brazing is not practical at present 
for use with filler metals other than low-melting 
silver alloys. 


Proper design for resistance brazed joints must 
necessarily allow adequate room for the electrodes on 
sach side of the joint. The surfaces on which the elec- 
trodes bear should be flat and parallel, and preferably 
of uniform thickness. Figure 17 illustrates the setups 
for a few typical brazed joints. 

Resistance welding machines are used for brazing 
in the same manner as for spot welding. The welding 
presses offer accurate timing and high-speed brazing 
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Fig. 17 Some preparations for resistance brazing 
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on small assemblies. In cases where the brazing equip- 
ment must be brought to the work, portable brazing 
transformers with carbon block tongs are used. With 
any such equipment, heating is produced under pres- 
sure which is maintained until the filler metal solidifies. 
Clean, neat joints are obtained. 

When resistance welding presses are used for brazing, 
the use of an electronic timing device will cut to a mini- 
mum the factor of human error. In the case of brazing 
with portable tong equipment, the skill of the operator 
plays a large part in determining the quality of the work. 


B. Induction Brazing 


Induction brazing is a brazing process in which 
coalescence is produced by the heat obtained through 
the resistance of the work to the flow of induced elec- 
tric current, using a nonferrous filler metal having a 
melting point above 800° F. but below that of the base 
metals. The filler metal is distributed in the joint by 
capillary attraction. 


Advantages 


1. Good control of heat, with automatic timing, 
is possible. The human element is cut to a 
minimum. 

Increased output is available through extremely 
fast heating. 

3. Heating of the base material can be localized, 
preventing overheating of parts of the assembly 
other than those adjacent to the joint. 

4. Versatility of induction heating permits low pro- 
duction, using single heating coils, or high pro- 
duction, using multiple sets of coils. This con- 
tributes to higher work efficiency. 

5. In some cases it is possible to braze a number of 
joints on one assembly, yet keeping ihe heat 
localized in the vicinity of the joinis. See 
Fig. 18. 
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Fig. 18 Multiple induction brazing of a single assembly 


Limitations 


1. Localized heating may cause some distortion of 
the work. 

2. Brazing with high-melting filler metals is not 
practical at present for high production work. 

3. The size of an assembly which can be brazed by 
this method is limited. 


Proper design of the paris for efficient induction 
heating is essential before the above listed advantages 
ean be fully realized. In general, round or tubular 
sections are easier to heat by induction than are parts 
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Fig. 19 “Coupling” of magnetic and nonmagnetic parts 
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of irregular shape. It is good practice to design parts 
in such a manner that the filler metal can be preplaced 
in the joint. The wall thicknesses at the joint should 
be as nearly alike as possible, in order to prevent un- 
equal heating of the parts. 

In heating magnetic materials, heat-producing losses 
are divided into two classes: hysteresis and eddy cur- 
rent losses. In nonmagnetic materials, only eddy 
current losses are present. It is usually found that 
magnetic materials may be “coupled” loosely, while 
nonmagnetic materials are ‘“close-coupled.”” This is 
illustrated in Fig. 19. Figures 20 and 21 illustrate 
several typical joints which have been successfully 
brazed by the induction heating method. 
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Fig. 20 Illustrations of typical induction brazed joints 


Preplaced filler metal rings indicated by smal! arrows 


Fig. 21(A) Mlustrations of typical induction brazed joints 


C. Furnace Brazing 


Furnace brazing is a brazing process in which coales- 
cence is produced by the heat obtained from a furnace, 
using a nonferrous filler metal having a melting point 
above 800° F. but below that of the base metals. The 
filler metal is distributed in the joint by capillary at- 
traction. 


Advantages 


1. Uniform heating of parts, with minimum dis- 
tortion. 
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Fig. 21 (B) Several typical furnace brazed joints 


2. Noresidual stresses left in work. 

3. Good temperature control is possible. 

4. Good control of the surface condition (carburized, 
decarburized) of the parts is possible, depend- 
ing upon the temperature and type of atmos- 
phere used. 

5. A wide range of filler metals is possible with 
the furnace brazing process. 

6. Furnace brazing is ideal for mass production. 


Limitations 


1. Localized heating is not possible. 

2. Parts joined by furnace brazing must be self- 

positioning, or jigs or fixtures must be used. 

Proper design for furnace brazing must necessarily 
allow the filler metal to be preplaced in the joint. It is 
advantageous to design the parts so that they will be 
self-positioning during the brazing cycle, thus elimi- 
nating the use of jigs or fixtures. Figure 21 illustrates 
a few typical joints. 

There are many types of furnaces which may be suit- 
able for brazing. In general, a furnace is designed with 
two chambers—one in which the work is heated to the 
brazing temperature, and a second chamber in which 
the work is cooled. 

Atmospheres are used which will insure good quality 
brazed joints as well as giving the desired surface 
conditions. By using the proper atmosphere, such 
surfaces as bright, oxidized, carburized, decarburized 
and others may be obtained. 


D. Torch Brazing 


Torch brazing is a brazing process in which coales- 
cence is produced by heating with a gas flame, using 
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a nonferrous filler metal having a melting point above 
800° F., but below that of the base metal. The filler 
metal is distributed in the joint by capillary attraction. 


Advantages 


1. Cost of equipment is considerably lower than for 
other brazing processes. 

2. Heating can be easily localized. 

3. Torch setups can be made which will allow use 

of turntable and conveyor production systems. 


Limitations 


1. This brazing process usually requires skilled 
operators, 

Torch brazing can be used only with low- or 
medium-temperature brazing filler metal. 

3. Localized heating may cause distortion. 

4. The work will oxidize quite rapidly. 


Because of its low equipment cost, and flexibility, 
torch brazing is probably the most widely used braz- 
ing process. Torches can be used with a mixture of 
oxygen and a suitable combustible gas such as city gas, 
hydrogen, acetylene or liquefied petroleum gas, de- 
pending upon the source available and the particular 
application. 

In many cases, torches are set up on conveyor lines, 
turntables, ete., for high-production work, producing 
high-quality brazed joints. For manual torch, brazing, 
the quality of the joint normally depends upon the 
skill of the operator. 

Torch brazing is most useful on jobs in which the de- 
sign of the parts is such that numerous jigs or fixtures 
are required, the parts are irregular, or the base metals 
are unlike and/or of unequal cross-section area. Fig- 
ure 22 illustrates a few typical joints which have been 
torch brazed. 
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Fig. 22 (A) Typical torch brazed joints—parts of irregular 
shapes, unequal thicknesses and unlike base materials 
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Fig. 22(B) Typical torch brazed joints—heavy nonferrous 
ring to lighter nonferrous bars 


E. Dip Brazing (Metal Bath) 


Dip brazing is a brazing process in which coalescence 
is produced by heating in a molten chemical or metal 
bath, and by using a nonferrous filler metal having a 
melting point above 800° F. but below that of the base 
metals. The filler metal is distributed in the joint by 
capillary attraction. When a metal bath is used, the 
bath provides the filler metal. 


Advantages 
1. Rapid localized heating of the joint area is pos- 
sible. 


2. Accurate temperature control is provided. 


Limitations 


1. Parts must be so designed that the “drag out” 
of filler metal is held to a minimum. 

2. Only certain filler metals can be used. Usually 
those used are ones which do not contain low- 
melting metals which may volatilize from the 
bath. 

3. The length of time of parts in the metal bath is 
critical. Excessive alloying between the filler 
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Fig. 23 Typical metal-bath dip-brazed joints 
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metal and the base metal may occur if the 
time in the bath is not controlled. 

4. The danger of explosions exists if wet parts are 

submerged in the metal bath. 

5. Fixtures are usually required. 

Metal bath dip brazing is less widely used than torch, 
furnace, induction or resistance brazing, primarily be- 
cause of the necessity of special joint design to limit 
“drag out” of the filler metal. 

Figure 23 illustrates a few typical joints which have 
been dip brazed in a metal bath. 


F. Dip Brazing (Chemical Bath) 


Dip brazing is a brazing process in which coalescence 
is produced by heating in a molten chemical or metal 
bath, and by using a nonferrous filler metal having a 
melting point above 800° F., but below that of the base 
metals. The filler metal is distributed in the joint 
by capillary attraction. 


Advantages 


1. Heating of the parts is rapid, and can be local- 
ized to an extent depending upon the applica- 
tion. 

Accurate temperature vontrol is possible. 

Flux is not required for most applications; the 
chemical bath can be neutral or reducing to 
act as a flux. 

4. Most of the available filler metals may be used 
in this process. Both high- and low-tempera- 
ture alloys are included. 

5. Single or multiple joints may be brazed on one 
assembly, and will depend upon the design. 
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Fig. 24 Typical chemical bath dip-brazed joints 
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Limitaiions 


1. After brazing, the parts usually must be washed 
in order to remove the salts. 

2. Excessive oxidation may occur upon cooling. 

3. The danger of an explosion may exist if wet work 
is submerged in the bath. 

Jigs or fixtures are usually required. 

5. The chemical bath may etch or pit the base 
metal unless proper control of time and tem- 
perature is maintained. 

6. Parts must sometimes be preheated before im- 
mersion in the chemical bath, in order to in- 
crease the speed of production. 

Chemical bath dip brazing is less widely used than 


other brazing processes. It has been used successfully 


in the brazing of aluminum parts, using aluminum 
brazing flux as the chemical bath. It has been used to 
braze steel parts with copper filler metal, ete. 

Figure 24 illustrates a few joints which have been 
successfully made by dip brazing in a chemical bath. 
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LFALFA, used as an ingredient in livestock feed, is 
processed before use by the rancher or farmer. 
Recently, the service life of the pulverizing ham- 
mers which prepare the grain for dehydration has 

been greatly increased by the application of hardfacing 
One hundred and twenty of these unfaced hammers, 
mounted on a revolving cylinder, averaged 50,000 tons 


Figure 1 
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Hardfacing Alfalfa Pulverizing Hammers 


Figure 2 


of alfalfa. Hammers hardfaced with Airco Tungtube 
40 by a mid-western farmer’s co-op pulverized 350,000 
tons before requiring refacing. 

Figure 1 shows the longitudinal edge of one of these 
hammers being hardfaced with Airco Tungtube 40. 
For production work, twelve hammers are clamped to- 
gether so that the flame will preheat the hammer adja- 
cent to the one being hardfaced. Each hammer is hard- 
faced on four corners. 

Figure 2, upper left, shows a worn hammer, ground 
on one end for hardfacing and already hardfaced on the 
opposite end. In the center is a hammer hardfaced on 
the bottom longitudinal edge with the top and side 
edges not yet hardfaced. Hardfacing has been com- 
pleted on the bottom hammer, and since dressing is un- 
necessary, is ready for operation. Hammers are hard- 
1'/. in. from the corners on the longitudinal 
edges and '/s in. from the corners on the short edges. 
Only 1'/, in. of 5/32 in. of hard facing rod was required 
to hardface one hammer. 


faced 
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Auto Body Repair 


by R. E. Scott 


ESIGN of the present-day automobile with its large example of this is illustrated in these body-repair pic- 
body panels and fenders makes replacement of tures. 

damaged areas an expensive job. However, re- The right rear panel of this two-door sedan has been 

pairs can be made quickly and economically with pushed in and the body metal torn. The repair could 

the help of oxyacetylene cutting and welding. A good have been made by replacing the entire panel which 


includes all of the area from the door post back to the 

trunk compartment. However, this would have been 

tree an expensive repair, and since only the forward half of 


Fig. 1 The damaged right side panel is shown here. Fig. 2 After marking the area to be cut, the operator 

The chromium rub rail and interior upholstery are re- uses a cutting attachment with small nozzle to make a 

moved before repairs are started. The wheel was removed diagonal cut. Be sure there is no flammable material 
to prevent damage near-by 


Fig. 3 Now the panel is cut along the upper edge to the Fig. 4 After the damaged section is removed, the car 

door frame. A jog is made when the cut reaches the frame looks like this. The rip in the lower forward edge of the 

and the cut then on through the frame to complete fender has gone through to the underbody, as seen here 
the cutting 
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the panel has suffered damage, would not be the most 
practical method. 

By using a cutting attachment and a welding blow- 
pipe, repairs were easily made. First, the damaged por- 


tion of the panel was cut out and then replaced with a 


new section was welded in place, the seams were leaded 
and polished smooth. Then the panel was painted. 
The remaining parts of the spare panel were saved and 
used for other repair jobs. 

Figures 1-10 show how one body shop does this type 


After the 


similar section from a spare panel assembly. 


of repair. 


Fig.5 Acut was made in the underbody for straightening 
purposes, After welding, the weld seam and surrounding 
area are smoothed by filing before the new panel is fitted 


Fig. 6 Here the operator is cutting a replacement section 
from a new panel. It is important that this section be 
cut to the exact size of the portion it replaces 


Fig. 7 The new section is mounted in place and held by 
tack welds. Steel rod is used for the job and enough 
welds are made to assure exact alignment 


Fig. 8 Now the operator goes back over the tack welds 
with steel rod to make a smooth continuous weld. A 
small flame and a good steel welding rod are used 


Fig. 10 After a factory-type repaint job, the car is as 
good as new. t means another satisfied customer 
for the shop—the best kind of advertising you can get 


Fig. 9 When the weld is completed, the excess metal is 
ground down. Lead is then deposited over and around 
the seam to provide a smooth finish to the area 
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Cost Cut by Flame-Straightening 


LAME-STRAIGHTENING is saving a West 
Coast fabricator approximately $2000 a year since 
the method was adopted to straighten about a hun- 
dred heat-warped steel boxes each year. The boxes 
were formerly straightened cold, using a 50-ton jack. 
Considerable cutting and rewelding were required, and 


60 to 100 man-hours were needed for each box. Now 
the job is done in about 30 hr. with flame-straightening. 

Two operators, using oxyacetylene heating blow- 
pipes, heat a triangular patch in the sides of the boxes 
while force is applied with the 50-ton jack. By this 
method the sides, 16 ft. long, 4 ft. high and topped with 
12-in. extra heavy channel, are pulled back into shape. 
The flame-straightening method also eliminates an un- 
desirable twist caused by exposure to heat. Cold 
straightening failed to remove this twist. 


Fig. 1 Two operators heat triangular patches in the side 

of a steel box, 16 ft. long, 10 ft. wide and 4 ft. high, that 

has been warped by long exposure to heat. A 50-ton jack, 

between the two torches, is pulling the sidv: in as heat is 
applied 


Photos courtesy Linde Air Products Co. 


Fig. 2 In this close-up of the flame-straightening opera- 

tion, the two oxyacetylene heating blowpipes are being 

used to heat the bases of the triangular patches between 
one hook of the 50-ton jack 


Resistant 


OST naval vessels carry some machine tools 4 
making emergency repairs. In World War II 
certain cast-iron components of machine tools on 
vessels bombed or rocked by near misses were 

shattered, not only putting tools out of commission, but 

creating dangerous hazards to personnel. 

This experience has led to demands for machine tools 
that are more shock resistant. Springfield Machine 

Tool Co., Springfield, Ohio, cooperating with design 
consultants of The Lincoln Electric Co., has answered 
this demand by producing lathes whose beds and legs 
are weldments fabricated from steel. Such lathes are 
not only much more shock resistant but the steel is both 
stiffer and stronger and the chance of shattering is 
nearly eliminated. 

In addition novel forms of leg structure are used and 
are designed not only to resist shock and the stress of 
deck weaving but are so made that shocks are cushiondd 
and largely absorbed before they can reach the bed. 
Moreover, the bed (upon which the accuracy of lathe 
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Welded Steel Components Make Lathes Shock 


New Springfield lathe with bed and legs fabricated from 
steel by arc welding. Shock resistance is greatly increased 
for the welded components over the cast-iron counterparts 

displaced 
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work largely depends) is so mounted that leg distortion 
cannot twist the bed. 

Naval authorities have been favorably impressed by 
the new design and method of fabrication and, after in- 
specting a scale model, placed orders for full size 14- and 
16-in. lathes recently completed. 
lustrated and is expected to have far-reaching effects 
upon future machine tool purchases for naval use. 


One such is here il- 


sign for conventional applications, especially as welded 
structures are displacing castings in many types of 
machines and other equipment and new welding pro- 
cedures are much faster and result in lower welding 


costs. In welded structures substantial weight savings 


result (as they did to the tune of about 7% in the lathe 


here considered) and such savings are of increasing im- 


Experience gained may even affect machine tool de- 


portance where metals are in short supply. 


Rotary Fixture 
Minute 


SE of an eight-place rotary fixture 
has increased the production of 
welded plowshares by 10%. The 

rotary fixture in the Allis-Chalmers plant 
at LaCrosse, Wis., holds the parts of the 
plowshare in position and moves them 
under a Unionmelt welding head at the 
proper speed. 

The plow consists of a die-cut gunnel 
and a forged share, which are welded 
together. One operator inserts these 
parts into the fixture and locks them in 
place with air clamps. The edge of the 
share meets the gunnel at an angle of 22° 
and thus provides a welding vee. A 
copper bar backs up the joint, so that a 
fully penetrated edge weld can be made. 

As the table moves the assemblies be- 
neath the welding head, granulated Union- 
melt composition covers the welding zone. 
The weld is started at the precise moment 
when the edge of the assembly passes be- 
neath the welding rod by a momentary 
discharge of high-frequency power which 
provides a path to initiate the flow of 
welding current. With the welding ac- 
tion established, the voltage control takes 
over and automatically governs further 
operation. A portion of the granulated 
composition fuses in the welding zone, ex- 
cludes the air from the weld, and conducts 
the current from rod to workpiece. Weld- 
ing takes place without flash, glare or 
spatter. For this application, the weld- 
ing current is about 500 amps. at 35 v. 
alternating current. The clean, dense 
welds are made at the rate of 19.1 in. per 
minute. 

As the share moves past the welding 
head, a vacuum unit recovers the unfused 
welding composition and returns it to the 
hopper for re-use. A second operator 
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Welds Plowshares, One a 


Plowshares are welded automatically with Unionmelt equipment as 


they pass beneath the welding head of this rotary fixture 


then removes the welded shares from the 
fixture. If the fused welding composition 
were allowed to cool completely, it would 
snap off by itself. In this high-speed fix- 
ture, the fused composition cools suffi- 
ciently so that a little tap with a hammer 
causes it to drop off. This reveals the 
weld, which is so smooth and clean that 
no chipping or grinding is required. 

One fundamental problem in the design 
of this fixture was caused by the fact that 
the share moves in a circle beneath the 
welding head, while the joint to be welded 
is a straight line. The fixture had to be 
designed to move the welding head also, 
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so that the combined motions result in a 
straight-line weld. The problem was 
solved neatly by using an eight-faced cam 
which causes the welding head to swing 
in and out 
lar motion of the table and produces the 


this combines with the circu 


desired result 

With one man to load the fixture and 
another to unload it, production of the 
machine averages from 60 to 65 completely 
welded plowshares per hour. In addition 
to giving a 10% boost to production, the 
machine-welded plowshares are stronger, 
longer-wearing and better fitting than the 
ordinary forge-welded plowshares 
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Detroit Hotel Facilities 


As announced previously, the Annual 
Meeting of the American WELDING 
Socrety is scheduled in Detroit, Mich.. 
starting Sunday, Oct. 14, through Friday, 
Oct. 19, 1951. 

The A.W.S. Annual Meeting, for many 
years, has been held in conjunction with 
the National Meta! Exposition. Accord- 
ingly, the Annual Meeting is subject to 
convention in the same city, at the same 
time, as the National Metal Exposition. 
The National Metal Exposition Manage- 
ment selects the city for the activity each 
vear. 

In the past, these cities have been At- 
lantie City, Philadelphia, Cleveland, De- 
troit and Chieago. However, there has 
been no appearance of the National Metal 
Exposition in Detroit since 1938. The 
Management of the National Metal Ex- 
position advises that there was a strong 
demand from industry for an appearance 
in Detroit and, accordingly, they made 
arrangements for such in 1951. 

Unfortunately, Detroit is not in a posi- 
tion to provide the volume of hotel ac- 
commodation facilities comparable to, for 
example, Chieago. Our Socrery, like 
other participating Societies, is allocated 
but one hotel as its headquarters. Our 
hotel is the Book-Cadillac. But due to 
the tremendous demand for hotel ac- 
commodations in Detroit in ordinary 
times to accommodate the automotive 
industry, and now in this period of con- 
version from peacetime to defense activ- 
ity, no Detroit hotel is in a position to set 
aside as many of its rooms for the purpose 
of a national convention as it would like. 
They must withhold the greater number of 
their rooms and other facilities for ac- 
commodating their local industries. This 
means that even in our headquarters’ 
hotel, we are limited to a smaller number 
of meeting rooms, guest rooms and suites 
than other cities can provide. Our 
Socrety sent its membership room reser- 
vation blanks, with letter, on Apr. 13, 
1951. The letter stressed that hotel 
reservations should be made promptly in 
that we had been allotted a limited num- 
ber of facilities by the Hotel Book- 
Cadillac. The return mail applications 
to the Book-Cadillae on the first day in- 
cluded more requests for facilities than 
were available at that hotel. Within three 
days, there were three times as many re- 
quests as available aecommodations. 

Naturally, there have been numerous 
disappointments as many of our members 
and a number of the companies supporting 
our Society activities have perforce been 
advised that there are not sufficient ac- 
commodations available at the Hotel 


Book-Cadillae and that their applications 
have been referred to the Housing Com- 
mittee, as was noted in Footnote 1 on 


the hotel reservation form. The Hous- 
ing Committee will be composed of De- 
troit Representatives of each of the Soci- 
eties and the Detroit Convention Bureau 
While it is unfortunate that we cannot 
provide or assure accommodations for 
everyone in the headquarters’ hotel, the 
Book-Cadillac, all applicants can be as- 
sured that every effort will be made to 
provide them accommodations in a hotel 
in Detroit not too distant from the head- 
quarters’ hotel. Those who have made 
applications and cannot be accommodated 
at the Hotel Book-Cadillac, but who can 
be assigned to other hotels, will be ap- 
prised during the month of August. 

Much to the regret of our Socrery, the 
Detroit hotel facilities are limited but we 
assure all members that the Socrery is 
making every effort to provide aecommo- 
dations for its members of a type and 
quantity meeting, as nearly as possible, 
their specific requirements. At this time, 
indications are that there will be a very 
heavy attendance at the Detroit Annual 
Meeting and National Metal Exposition. 

The National Metal Exposition is to be 
located in the Michigan State Fair 
Grounds in the northern portion of the 
city, at Woodward and State Fair Ave- 
nues, approximately eight miles from the 
city center. There are a number of ex- 
cellent motels in the area nearby which 
can be made available to our membership. 
Those members who are driving their cars 
to Detroit and will wish to use their cars 
while there, will find these motel accom- 
modations superior to and more economi- 
eal than city center hotels, particularly 
if they are obliged, by nature of their ac- 
tivity, to spend a large portion of their 
time at the Exposition area. These 
motels are within an approximate five 
mile distance from the Fair Grounds, 
provide adequate automobile parking facil- 
ities and offer the further advantage of 
quick travel to the Fair Grounds uninter- 
rupted by the heavy Detroit city traffic. 
Some of these motels offer splended ac- 
commodations in the order of twin-bed 
rooms at $7.50 and $10; double-bed 
rooms ranging from $4.25, with connecting 
bath, to $6.50, $7 and $10 for a room with 
private bath. Rates are for single or 
double occupancy. Extra cots can be 
provided at $1.50 in some of the rooms. 
Excellent restaurants are located not 
over one quarter mile distant. Those 
members who wish to take advantage of 
these ‘“‘close to the Exposition’’ accommo- 
dations should mail their applications to 
R. H. Bennewitz, Chairman, A.W.S. 
Housing Committee, c/o 6-240 General 
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Motors Bldg., Detroit, Mich., as soon us 
possible. Application should state type 
of rooms required and the price range. 
Assignments will be made on the basis of 
date and time received and subject to the 
number of these accommodations avail- 
able. 

We look forward to serving our mem- 
bership visiting Detroit in the best man- 
ner possible subject to the limitations of 
the available facilities. 


THE SECRETARY 


Board of Directors Meeting 
Minutes 


The fourth meeting of the Board of 
Directors for the 1950-51 vear of the 
AMERICAN WELDING Sociery was held 
on Thursday, May 10, 1951, at 10:00 
a.M. in Room 34 of the Hotel Cleveland, 
Cleveland, Ohio, with the following in 
attendance: 

Members: H. W. Pierce, Chairman, 
C. H. Jennings and F. L. Plummer, 
Acting Chairman, and L. C. Bibber, J. J. 
Chyle, T. J. Crawford, A. F. Davis, 
J. Grodrian, LaMotte Grover, J. H 
Humberstone, T. B. Jefferson, A. J. 
Moses, H. E. Rockefeller, G. N. Sieger, 
H. N. Simms, L. C. Stiles, J. R. Stitt and 
C. B. Voldrich. 

A.W.S. Staff: J. G. Magrath, Secretary 
and F. J. Mooney, Assistant Secretary. 

Guest; C. D. Evans, Chairman, Tech- 
nical Activities Committee. 

Cleveland Section Representatives: J. B 
Austin, C. T. Elder, J. J. Jarms, R. J 
Kriz, J. F. Maine, J. 8S. MeKeighan, E 
T. Scott, J. F. Wagner and J.C. Wyss. 

Absentee Members: ©. A. Adams, A. G. 
Bissell, W. F. Boyle, R. 8. Donald, O 
B. J. Fraser, H. O. Hill, Gilbert 8S. Schal- 
ler, HS. Swan and A. E. Wisler. 


Professional Membership 


The Secretary reported that in his 
Section visits, wherever possible, he met 
with the Executive Committees of the 
Sections in a special meeting. He out- 
lined to them the decision of the Board of 
Directors to create a new membership 
classification, to be known (tentative 
designation) as ‘Professional Member- 
ship.” Of twenty-two Sections, the Sec- 
tion vote was 18'/, favorable, neutral 
and 2 unfavorable. Of the two hundred 
Officers attending these sessions, their 
vote was 157 favorable, 25 neutral and 18 
unfavorable. Accordingly, he has re- 
ported these results to the A.W.S. Special 
Committee on Membership Classifiea- 
tion. 
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the greatest advance in welding torch 
design—the cone.end sealing ring 


developed by National’ in 1936 


Patent No. 2176813 


The greatest advancement in welding torch design ble out of the welding torch—they eliminated the | 
and construction was made when NATIONAL en- use of a wrench to keep a tight seat. No other seat- 
gineers developed and patented the better way ing arrangement has given so much satisfaction 
of making an effective, leakproof, damage proof over so long a time period. IT'S THE SEALING RING © 
joint between mixer and welding torch head; be- WHICH SAVES YOU MONEY — WHICH MAKES 
tween cutting attachment and torch butt. YOUR WELDING TORCH AND CUTTING ATTACH- 
These neoprene sealing rings have taken the trou- MENT STAY ON THE JOB LONGER — AND IT IS 
A PATENTED FEATURE OF NATIONAL WELDING 
EQUIPMENT CO. 


so7 


/ WELDING EQUIPMENT CO., San Francisco 5, California 
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Company Membership 


The Secretary reported that of eleven 
Sections whose interest was engaged in the 
possibility of substituting a Sustaining 
“Company” Membership in place of the 
present Sustaining (Individual) Member- 
ship, the Section vote was 7 favorable, 3 
neutral and 1 unfavorable. Of the one 
hundred and fourteen Officers in the fore- 
going 11 Sections, their vote was 75 
favorable, 28 neutral and 11 unfavorable. 
The results of this activity have been re- 
ported to the A.W.S. Special Committee 
on Membership Classification. The in- 
stitution of this change would require a 
change in the Society's Constitution, as 
well as the By-Laws. 


Western Metal Congress 


The Secretary reported that he at- 
tended the Western Metal Exposition and 
Congress held in Oakland, Calif., Mar. 
19-23, 1951. The Exposition was held 
in the Oakland Exposition Hall. There 
were 15 exhibitors from the welding in- 
dustry, which included 11 on welding and 
cutting, 3 on brazing and welding and 1 
on metal spraying. There were 123 mis- 
cellaneous metals and heat-treating ex- 
hibitors and 9 publicity publications and 
promotion exhibitors. This totaled 147 
exhibitors. The San Francisco A.W.S. 
Section arranged the technical meetings 
for our Society without help from Na- 
tional Headquarters. There were four 
papers on Monday, five on Tuesday, five 


on Wednesday, three papers and a bus- 
iness forum on Thursday and three papers 
on Friday. On Thursday, the A.W.S. 
Section gave a cocktail party prior to a 
dinner in which all the participating 
societies engaged. The tary return 
to the San Francisco Section from the 
Western Metal Exposition for its par- 
ticipation in the Western Metal Congress 
was $750. This did not pay their total 
expenses. 

At the meeting of the Executive Com- 
mittee of the San Francisco Section, with 
the Chairman of the Los Angeles Section 
attending, both the San Francisco and the 
Los Angeles Section Chairmen went on 
record as stating that they felt that the 
national Socrery would have to help the 
local Sections in future Western Metal 
Congress activities. They no longer can 
devote the time required to this activity. 
Further, it was necessary that it have na- 
tional support and more widespread pub- 
licity by the national Socrery in order to 
build up the attendance and warrant the 
expenditure of time and money. 


Ohio State 
ference 
The Secretary reported that he at- 

tended the Ohio State Welding Engi- 

neering Conference held in Columbus, 

Ohio, on Apr. 13th and 14th in the Welding 

Engineering Laboratories of the Ohio State 

University. This is an activity conducted 

mainly by the Ohio State University and 

the A.W.S. Columbus Section. Several 


Welding Engineering Con- 


Acetogen Fabricators, Inc. 

Air Reduction Sales Co. 

Alloy Rods Co. 

All-State Welding Alloys Ca, 
Aluminum Company of desig 
The American Brass Company. .. . . Ins 
American Chain and Cable Co.. 
Ampco Metal, Inc. 

Anti-Borax Compound Co., Inc 

Arcos Corporation 

Bastian-Blessing Co. 

The Burdett Oxygen Company. . 

The Champion Rivet Company. 


Eastman Kodak Company. . 
Erico Products, Inc. 


Eutectic Welding Alloys Corporation 

General Electric 

Harnischfeger Comendion. 

Haynes Stellite Company, A Division of Union 
Carbide and Carbon Corporation 

Hobart Brothers Company. . 

The International Nickel 
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Tube Turns, Inc... 


Victor Equipment Company. . 
Westinghouse Electric Corporation . 
J. H. Williams & Co... 


other Ohio Sections assisted to a minor 
degree. Not all Ohio Sections, however 
cooperated. Five papers were provided 
on Friday and six on Saturday. The 
Conference was very well attended with a 
registration of slightly over 200. A 
luncheon was held on Friday and Satur- 
day in the College Cafeteria and a dinner 
on Friday evening at the Fort Hayes 
Hotel. The dinner was oversubscribed 
and a number of customers had to be 
turned away in that the room would not 
hold more. This was an excellent pro- 
gram of papers, very well arranged and 
very well received. 

This was the 12th Annual Ohio State 
Welding Engineering Conference. The 
Ohio State University feels that it has 
contributed to the welfare of the welding 
industry by holding these Conferences. 
However, the activity has reached a 
scale which, as advised by Prof R. 8. 
Green, the Director of the activity, will 
require that the national Sociery assist 
in this activity hereafter if there are to be 
future Conferences. They feel that it is 
time that the national Society takes over 
this activity as one of its regional events. 


Welder Qualification 

The Secretary reported that nine Sec- 
tion Officer groups, namely, Richmond, 
Los Angeles, Long Beach, San Francisco, 
Seattle, Salt Lake City, Denver, Kansas 
City and Indianapolis, a representation 
of 89 Section Officers, voiced their opinion 
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Brief Specifications Series 
PMCO2ST Resistance Welder 
100 KVA at 50% duty cycle. 220 and 
440 volt 3-phase 60 cycle standard. 
Available with special controls for 25 
and 50 cycle current. Standard throat 
depths 36”, 48” and 54”. Welding 
range to MIL specifications (two thick- 
nesses): aluminum and magnesium 
alloys .025” to .081”. SEND FOR NEW 

BULLETIN. 
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THE new Sciaky Series PMCO2ST Resistance Welder is 
quickly adjustable to weld any one of the metals listed 
above ... and Sciaky guarantees to qualify this machine 
to MIL 6860 and 6858 Air Force-Navy Specifications at 
time of installation in your plant. 

Here, then, is the most versatile welder you can buy to 
meet defense production requirements. Quality of welds 
is unsurpassed. Tip life is increased as much as 300% or 
more over previous models. The PMCO2ST is backed by 
Sciaky’s experience in building nearly all of the resistance 
welders used for military aircraft production in this 
country since 1940. 

For complete data, WRITE FOk NEW BULLETIN. 


SCIAKY BROS., INC. 


4921 West 67th Street 
Chicago 38, Iii. 
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that A.W.S. should either administer or 
sponsor a bureau or body which would 
institute a Welder “Certification” Pro- 
gram, administering such through an 
authorized nationally organized group of 
stations, such as, vocational schools, 
colleges, laboratories, certified proprietary 
organizations, ete., at least to the extent 
of benefiting industry and welders en- 
gaged in structural welding on public 
structures. He observed that the wording 
of the ruling of the Board of Directors, 
which is as follows: “Under no conditions 
shall the American Society 
issue a certificate to a welding operator 
nor support a plan for the certification of 
welding operators, that denies a fabricator 
the privilege of qualifying his own welding 
operators,”’ does not prohibit the Society 
from doing that which the Section Officers 
of Sections listed request. He pointed 
out the difficulties and unwarranted 
expense that structural fabricators face 
when they have to spend large sums of 
money for time, effort and materials for 
qualifving applicants for structural weld- 
ing jobs, particularly on municipal works. 
Many of these welders have inadequate 
training and should have passed some 
sort of a preliminary certification test 
indicating their ability to weld, prior to 
the contractor having to spend his money 
on qualification, particularly when his 
competition—those fabricators who favor 
riveting, need spend no money on quali- 
fving their labor. Not only is there the 
problem of simple and uniform welder 
qualification but there is also the problem 


of intelligent and adequate welder in- 
spector qualification. It is the conten- 
tion of those proposing the Society take 
some action, that unless such is done, there 
will be increasing resistance on the part of 
fabricators to consider bidding on struc- 
tures for which welding is specified, or, 
where riveting or welding is optional, the 
contractor will take the course of least 
resistance and least expense and do the 
job by riveting rather than welding. 
This group asks for the following: 

1. An authoritative uniform pattern 
for basic certification of welders 
(specific qualifications to be ad- 
ministered by contractor or in- 
dustrial). 

2. An authoritative uniform pattern 
for basie qualification of welding 
inspectors. 

3. Simplified, readily understandable 
and comprehensive qualification 
procedure rules that can be in- 
corporated in municipal and state 
laws. 

It is further stated that “certification” 
does not mean final qualification. By 
“certification” is meant that the welder 
receives a certificate only on the basis 
of the simple guided bend test in the 
various essential positions on the basis 
of A.W.S. Qualification Procedure. Such 
would assure the contractor having only 
to stand the expense of further qualifying 
for his specific work those welders who 
have passed the fundamental “a, b, e’s” 
of welding. The Secretary called at- 


tention to the fact that this or a similar 


proposal has been made to the Board of 
Directors of the American Society a 
number of times during the past twenty 
years, in the order of the records of the 
minutes of Board meetings through that 
period. Similar recommendations have 
been tendered by many authoritative 
persons and bodies. 

Attending members of the Board of 
Directors commented as follows: 

J. J. Chyle stated that the Boiler Code 
has an agency for certifying welders known 
as the National Bureau for Certifying 
Welders. The establishment of similar 
agencies for other fields, such as pipe-line 
welding, ete., would be very desirable, 
the manufacturers to absorb the expense 
in qualifying welders. 

H. E. Rockefeller observed that the 
Heating and Piping Association operates 
under the Piping Code by following A.S.A. 
The contractors support the qualifying 
of the individuals concerned. 

R. J. Kriz, A.W.S. Cleveland Represen- 
tative, reported that, in his opinion, the 
City of Cleveland has done a remarkable 
job of qualifying welders. His company, 
the James H. Herron Co., operates a 
testing laboratory and is certified by the 
American Council of Commercial Labo- 
ratories. He stated that in Cleveland, in 
the past, the practice was that the con- 
tractor paid the charges for qualification of 
welders. In the instance of his own com- 
pany’s laboratory, when the welders ap- 
plied for qualification, in 90% of the cases 
the charges were paid by the individual 
welders. 


IS AHEAVY FLUX COATED 
ELECTRODE DEPOSITING WELDS 
WITH NO TENDENCY TO CRACK 


GIVES EXCEPTIONALLY SMOOTH DEPOSITS 


CLEVELAND, OHIO 


OR CHECK. ALSO... 


FLOWS FREELY... 
HANDLES WITH EASE EVEN IN 
VERTICAL AND OVERHEAD POSITIONS, 


WITH EXCELLENT RESISTANCE 
TO SEVERE ABRASION 
AND IMPACT 


East Chicago, Ind. 


THE BOSS GETS THE MOST FROM ALL 
OF HIS EARTH MOVING EQUIPMENT 
BECAUSE HE SPECIFIES ONLY THE BEST... 


CHAMPION WEAR DEVIL A 
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Remember 


the trade marks “tt” and *TUBE- 
TURN” are applicable only to 
products of TUBE TURNS, INC. 


In special alloy piping systems, alloy 
TUBE-TURN Welding Lap Joint Stub Ends a 

permit use of lower-cost carbon-steel s 

flanges as shown in cut-away view. rs] * 


Special alloys 
lick special piping problems 


OU can overcome special problems of corrosion, fluid contamination, 
Mt goetiuen or temperature by selecting pipe and welding fittings of 
special materials. 

Tube Turns, Inc. continually studies the proper application of different 
materials to piping systems. The complete line of TUBE-TURN Welding 
Fittings is available in more than forty different alloys. Today's piping 
engineer can choose from intermediate and high alloy steels containing 
chromium, nickel, or both; commercially pure nickel, copper, and 


Write Dept. 0-8 for free booklet “Pipe aluminum; and alloys of these. 

specifications, properties. and weld- Get in touch with your nearby Tube Turns’ Distributor. You'll find 
one in every principal city. 


“Be sure you see the double tt” 


TUBE TURNS, ING. 
3 @ KENTUCKY 

DISTRICT OFFICES: New York - Philadelphia - Pittsburgh - Chicago - Houston - Tulsa - San Francisco - Los Angeles 

TUBE TURNS OF CANADA LIMITED, CHATHAM, ONTARIO...A wholly owned subsidiary of TUBE TURNS, INC. 


Piping construction simplified by 
wide range of TUBE-TURN Welding Fittings 


TUBE.TURN 


Welding complex process piping calls for a wide variety of Manifold serves air lines to various shops. Matching the two 
fittings and flanges. In this installation, air is drawn into 8-inch lines to the 12-inch line here was no problem. Use of 
compressor through a 16-inch line, connected to an outdoor a TUBE-TURN Reducing Outlet Tee and a TUBE-TURN Eccentric 
filter through a TUBE-TURN Welding Reducer. Air at 100 Ibs. Reducer made the construction job easy. The main line can be 
is piped to the compressor tank through an 8-inch welded line. opened easily at the TUBE-TURN Welding Flanges. 


Small lines tap off fire foam chemical manifold, lead to storage In fabricating, welders appreciate the true circularity of TUBE- 
areas and other critical locations. Leakage or weak joints here TURN Welding Fittings. To fill an immediate need, a welding 
could be disastrous. Welded piping with strong TUBE-TURN elbow is often cut to make an odd-angle welding fitting. Unique 
Welding Fittings makes this fire protection reliable. forging process assures that TUBE-TURN Welding Elbows can 
be cut at any angle and still match the pipe for proper welds. 


DISTRICT OFFICES 
New York Houston 
Philadelphia Tulsa 
Pittsburgh San Francisco 
Chicago los Angeles 


TUBE TURNS, INC., Dept. 0-8 
224 East Broadway * Louisville 1, Kentu:!:y 


“tt” end “TUBE-TURN” Reg. U.S. Pat.Of. 


Nature of Business TUBE TURNS, Inc. 
Address LOUISVILLE 1, KENTUCKY 
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A. J. Moses stated that it is the funetion 
of A.W.S. to write the text of such tests 
to be given the welder for qualification 
purposes 

LaMotte Grover suggested A.W.S. ap- 
proach the Association of General Con- 
tractors as there is a possibility that this 
organization might finance such a proj- 
ect. 

The attending Board members felt that 
A.W.S. should explore all avenues and 
that it should definitely approach the 
American Council of Commercial Labora- 
tories to determine if that organization 
could and would assist in the problem 
which is of paramount importance in 
the structural field. In view of the ap- 
parent urgency for action in the structural 
field referral should be made to the A.W.S. 
Building Code Committee 

Action: Upon motion, duly seconded, 
the Board of Directors voted that the 
problem and the development of a pro- 
gram be referred to the Building Code 
Committee for study and report back to 
the Board of Directors 

The meeting adjourned for luncheon at 
12:30 P.M. and reconvened at 1:50 P.M. 

A.W.S. Cleveland Section Chairman 
J. C. Wyss extended a cordial invitation 
to all Board members to be guests of the 
Cleveland Section at its 12th Annual 
Svmposium and Dinner. Board mem- 
bers sO responded 


Student Membership 


The Constitution and By-Laws Com- 
mittee met on Apr. 20, 1951, and recom- 
mended that the Board of Directors ap- 


prove the following rewording for the 
Student Member by-laws, Article I 
Membership; Section 2D—Student Mem- 
bers: 

“A Student Member shal! be an in- 
dividual who is actually in attendance at 
a recognized college or university, taking a 
course leading to a degree. Student 
Members shall not have the right to vote 
or to hold office except in Student Chap- 
ters as may be provided for by the by- 
laws of the Student Chapter. At the 
termination of the fiscal vear of status as 
a student, affiliation as a ‘Student Mem- 
ber’ may be continued for one (1) additional 
year 

Action: The Board so approved, 
Vembership Billing 

The Constitution and By-Laws Com- 
mittee met on Apr. 20, 1951, and recom- 
mended the following revised wording in 
the by-laws: 


‘Article I11—Resignation and Expulsion 
of Members 

Section 3. Nonpayment of Dues 
Any member whose dues to the Socrery 
shall remain unpaid for a period of six 
months after they become due, shall be 
duly notified by the Secretary by letter 
ballot to the latest post office address as 
it appears on the records of the Socrery, 
stating that if such dues are not paid 
within a period of one month, he shall 
automatically cease to be a member of the 
Socrety.”’ 


Vemorial Resolution 
Memorial Resolution for the late P. M, 


ations, 


60 E. 42nd St. 


Carbide 


IN THE RED DRUM 
EFFICIENT 
ECONOMICAL 
DEPENDABLE 


FOR WELDING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE COMPANY 


A Division of Air Redietidn Co., Inc. 


and CUTTING 


Mattern, as prepared by a Special Com- 
mittee, consisting of J. H. Humberstone 
and W. Begerow, was submitted to the 
Board of Directors for approval thereon 

Action: Upon motion, duly seconded, 
Memorial Resolution, as submitted by 
the Special Committee, met with the unan- 
imous approval of the Board of Direc- 
tors. The Secretary was directed to 
send a letter to the New Jersey Section, 
in which Mr, Mattern had faithfully 
served as Secretary-Treasurer, advising 
the Section of this action and providing 
copy of text of Resolution. 


Centennial of Engineering 


Upon motion, duly seconded, the Board 
of Directors voted that (1) A.W.S. par- 
ticipate in the Centennial of Engineering 
to take place in Chicago, IIL, in 1952, and 
(2) President H. W. Pierce be empowered 
to appoint A.W.S. 
serve on Technical Program and General 
Arrangements Coordinating Committees 
of the Centennial of Engineering, 1952 


representatives to 


National Production Authority 


The Secretary requested decision of the 
Board of Directors regarding Van Rens- 
selaer P. Saxe’s suggestion that A.W.S 
approach the N.P.A. with its recom- 
mendation “that structural welding be 
used as a method of connection for strue- 
tural steelwork at all possible places where 
riveting was normally used,’ and “that 
all structural steelwork would be designed 
for 24,000 psi. tension stress He ad- 
vised that this question had been re- 


ferred to the A.W.S. Public Relations 


New York 17, N.Y. 
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Low Hydr 


Specialists in Stainless, Low Hydrogen and Non-Ferrous Electrodes 
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Committee who advised its referral to 
Committee on Building Codes. Neither 
the Public Relations Committee nor the 
Chairman of the Committee on Building 
Codes appeared disposed to take direct 
action. The Chairman of the Public Re- 
lations Committee had suggested that the 
matter be decided by the Board of Diree- 
tors should decision not be reached by 
other bodies. Discussion among Board 
members followed. 

Action: The Board of Directors, upon 
motion, duly seconded, voted that A.W.S. 
directly approach N.P.A. and also urge 
fabricators and all others interested to do 
the same thing, basing their reeommenda- 
tions on previous experience of World 
War II. The Soctery’s Secretary was 
delegated to so inform the N.P.A. on 
behalf of A.W.S., after consulting with the 
Society's technical authorities in regard 
to content of recommendation. The 
Secretary was also authorized to enlist 
the support of structural steel fabricators. 


Membership Status Report 


The Assistant Secretary reported that 
as of Apr. 30, 1951, our Soctery had a 
total membership registration of 7249, 
consisting of 7074 active members and 175 
delinquent members. At the beginning 
of the membership year, Sept. 1, 1950, 
the Society had a total registration of 
7132, comprising 6993 active members and 
139 delinquent members. 

In comparing membership registration 
as of Apr. 30, 1950, vs. Apr. 30, 1951, 
he reported that (1) active membership 
as of Apr. 30, 1950, of 6873 as compared to 
7074 as of Apr. 30, 1951, resulted in a net 
increase of 201 members; (2) delinquent 
membership as of Apr. 30, 1950, of 283 as 
compared to 175 as of Apr. 30, 1951, re- 
sulted in a net decrease of 108; and (3) 
total registration as of Apr. 30, 1950, of 
7156 as compared to 7249 on Apr. 30, 
1951, resulted in a net increase of 93 mem- 
bers. 

The Board of Directors, at a meeting 
held on Feb. 12, 1951, voted to extend 
the delinquency period on Aug. 3st 
“regular” renewals, one additional month, 
from Mar. 31, 1951, to Apr. 30, 1951. As 
a result of this action, 55 delinquent mem- 
bers remitted dues payment. 

On Apr. 30, 1951, the Society removed 
421 delinquent members from the rolls of 
the Society for reason of nonpayment of 
dues as compared to 617 delinquent mem- 
bers, for similar reasons, on Apr. 30, 1950 


Chairman National Membership Committee 


Chairman Pierce reported that of 
twenty-one returns received on letter 
ballot submitted to the Board of Directors 
regarding the appointment of I. Morrison 
as Chairman of the National Membership 
Committee, for the 1951-52 year, all votes 
cast favored Mr. Morrison’s appointment. 


Vembership Award 


The Chairman advised that last year 
H. C. Neitzel, Chairman of the National 
Membership Committee, had donated two 
bronze plaques to be awarded each year 
to an A.W.S. Section which had attained, 
for that year, the greatest gains in mem- 
bership (one plaque for percentage and 
one for total members). The Presilent 
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suggested that he would entertain a motion 
calling for these awards to be given official 
status by the Socrery and to be hereafter 
known as the ‘“Neitzel Membership 
Trophy” (or similar name) and that the 
recommendation be submitted for proper 
registration to the Socery’s Committee 
on Awards. 

Action: The Board of Directors unani 
mously approved the President’s recom- 
mendation. 


Invitation from Columbus, Ohio 


The Chairman advised that he and, to f | 
his knowledge, all other members of the | 1] 


Board, had received an invitation from the ' | 
General Manager of the Columbus, Ohio, 1 LI 1 | 
Chamber of Commerce to consider lo- Lit 
cating the Socrery’s National Head- Typical Single Regulotor 
quarters in that city. The Chairman : Well-Type Oxygen Manifold 
stated that he was referring this invita- 

tion to the Special Committee on Na- 

tional Headquarters’ Housing for con- 

sideration. The Secretary advised that 

additional invitations had been received 

from the President of the Columbus 

Chamber of Commerce, the Director of 

Battelle Memorial Institute, the Presi- 

dent of Ohio State University, President Typical Dual Regulator 

of Columbus Convention Bureau, Presi- Floor-Type Acetylene Manifold 
tor 
‘ice-Presic Phe Jaeger Machine ACETYLENE 
Co., President of The Seagrave Corp. HYDROGEN 
and the District Manager of Williams «& : NITROGEN 
Co., Inc. The Chairman advised that and other high 
these too would be referred to the Special pressure gases 
Committee on Headquarters’ Housing. 


Invitation tol. TW. 


A. F. Davis stated that in conversation 
with R. M. Gooderham, General Manager 
of the Canadian Welding Bureau, Mr 
Gooderham stated that he will attend the 
meeting of L.I.W. in England in July 1951, 
and that following the meeting, he will in- 
vite members of L.I.W. to visit with him 
in Canads 
in Canada. Continuous 


Cleveland Section Directory & Buyer's 
Guide 


Members of the A.W.S. Cleveland Sec- 
tion were complimented by the attending 
Board members for their most excellently 
prepared Directory and Buyer’s Guide 
issued in conjunction with the 12th An- 
nual Welding Symposium. 


Date of Next Meeting 


The next meeting of the Board of Di- 
rectors of the Sociery was scheduled to 
take place on Tuesday, Aug. 28, 1951, in 
New York City. +63 
Prect 
pressure 
A. F. Davis Undergraduate two-stage 

Welding Awards 


To stimulate undergraduate interest 
in welding, the American WELDING So- 
ciety offers annually the A. F. Davis Sully STs 
Undergraduate Welding Award. The first Pou 
prize consists of $200 to the author of the 4 5201 We 
best paper on welding and $200 to the . comaiiidiesiai 
undergraduate publication in which the 
article appears. This year Edwin L. 

Marshal] was the recipient of the first 
prize. The award was made at the class 
night exercises held on June 4th by Dean 
Thorndike Saville of New York Univer- 
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sity, College of Engineering. This award 
was made by the American Wepine 
Soecrery and in presenting the award Dean 
Saville remarked, “This is a fine tribute to 
hix own abilities, and redounds great), 
to the credit of the Quadrangle and of the 
College of Engineering.’ 


4A.W.S. Brazing Committee 
Meets 


The A.W.S. Committee on Brazing and 
Soldering took time out from its work on 
June 8th, to inspect the new plant of the 
futectic Weldmg Allovs Corp 

The mspection trip enabled the menm- 
bers to secure information on brazing 
tiller metals and their application, whict 
will be useful m preparation of a Brazing 
and Soldering Manual! on which the Com- 
mittee * now working 
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New Sustaining Member 


It » the Socrmry’s pleasure to welcome 
Chas. F. Guyon, Inc., as a new Sustaining 


Member in the Socrery, with Zir Geyari 
of its Harrison, N. J., office as their Sus- 
taining Member representative. Listed 
are the products or serviees of Chas. F 
Guvon, Inc 


The main office i located at 501 Fifth 
Ave.. New York 17, N. ¥ In its 28-acre 
plant, the former Atha Works of the Cru- 
cible Stee] Co., in Harrison, N.J., the com- 
= engaged im sales and distribution 

fittings and vaives of leading U. § 
The company carries a 
full steck of butt-weld, lap-weld and 
seamless stee]| pipe, Byers wrought iron 
pipe, copper tubmg, brass pipe and tubing 
staimless stee] pipe and a full line of valves. 
fittmgs and steam and oi] specialties o/ 
leadmg makes m cast steel, cast Iron, brass 
amd stamless stee] 
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In its fabricating shops the company is 
engaged in cutting, threading, grooving 
welding, bending and fabrication of pipe 
for all phases of industry—from radiant 
heating panels, shaped welding nipples 
industria] process and power plant piping 


te pressure piping and unfired pressure 
vessels fabricated by welding under 
A.S.M.E. code requirements i 
Plummer Named to Nationa! 
Research Council 
The Board of Directors by letter ballo 
selected F. L. Plummer to represent the 


and Division 


AmertcaN WELDING Societys 
of Engmeermg and Industria 


Research o 


the Nationa! Research Council for « thre 
year term 

Mr. Plummer currently second Vier 
President of the Socrery and & active 
in the Pressure Vesse! Research work o 


the Welding Research Counci 


1598 


Zz: 
Ga i 
Members S. Brazing Gommittee Visit Eutectic Plant 
on vou can SURE .. mes 
in 
SIMPLICITY OF RE 
| 
— — \ 
apy 
Pe. 
= THe Wetpinc 
~ : 


Aveust 1951 


: 
/ 
> 
OY 
ay 
4 i ©@, 
he WEL ome 
“Tropes 
q 
A nyw ade 
here 
757 


IF YOUR PLANT USES LARGE 
QUANTITIES OF yet 


Convenience! Dependability! Economy! 


OF THE SIGHT FEED 


MODEL A-TWIN GENERATOR 


e CONTINUOUS FLOW 
e VIRTUALLY AUTOMATIC OPERATION 


Modern industry today produces its OWN supply of 
acetylene, piped from a central source to points of 
usage within the plant — just like water, compressed 
air and other utilities. No clumsy cylinders to move 
around workmen and to check in and out. No shutting 
down while cylinders are being connected. And. . 
no loss of acetylene returned in “empty” bottles! 


The Model A-Twin Generator produces a dependable, 
even flow of the purest acetylene possible . . . con- 
tinuously if desired. When one carbide hopper is 
empty, the other automatically goes into service. The 
Sight Feed “A-Twin” is simple to operate and sup- 
plies acetylene WHEN you want it . . . at a savings of 
50% to 75% of the cost of “bottled” acetylene. 
Manufactured in sizes to suit requirements. 


FOR COMPLETE INFORMATION 
SEE YOUR WELDING SUPPLIES DISTRIBUTOR OR WRITE 


THE SIGHT FEED GENERATOR COMPANY 


“Manufacturers of Weldin p 
for More Than 25 


Offices and Factory: West Alexandria, Ohio, U.S.A. 


YOU SHOULD KNOW ABOUT THE | 


WELDING 


CODES 
STANDARDS 

and SPECIFICATIONS 

Are you fully informed on the latest welding 
standards available? Have you missed any of the 
earlier standards? This column is published as a 
regularly monthly feature of The Welding Journal 
to keep you abreast of AWS technical standards, 
which are universally recognized as the most au- 
thoritative source of welding information. 

The list of publications shown below is only 
partial; it is changed from month to month. 
Keep informed—Read this column regularly. 


B. TRAINING INSPECTION AND 
CONTROL 


Training, Qualification and Inspection 
B1.1-45 Inspection Handbook for Manual 
Metal-Arc Welding (Emergency Standard) 
B2.1-45 Code of Minimum Requirements for 

Instruction of Welding Operators: Part A— 
Arc Welding of Steel 75¢ 
B2.2-44T Code of Minimum ts for 
Instruction of Welding Operators: Part B-1— 
Oxy-Acetylene Welding of Steel Aircraft 
(Tentative) 75¢ 
B3.0-4)T Standard Qualification Procedure 
(Tentative) 50c 


C. PROCESSES 


Recommended Practices 
Welding 


$2.00 


$1.00 

Cl.2-42T Tentative Standards and Recom- 
mended Practices and Procedures for Spot 
Welding Aluminum Alloys (Emergency 
Standard) 


C2.1-50T Recommended Practices for Metal- 
lizing: Part 1A—Metallizing Shaft or Simi- 
lar Objects; Part Il—Metallizing—Safety 
Recommendations Together 75c 


NOTE: 25% discount to A and B members and 
15% discount to C members of AWS on copies 
of any codes and standards listed above except 
starred items. 


Send your ord ts for order forms con- 
taining complete ee of AWS publications to: 
Dept. T 


American Welding Society 


33 West 39th Street 
New York 18, N. Y. 
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Machine Design Sheets are available to designers and engineers. Simply write on your letterhead to Dept. 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 1, OHIO 
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Safety Congress 


The 39th National Safety Congress and 
Exposition, to be held Oct. 8-12, Chicago, 
Ill. Sessions on industrial safety scheduled 
for Stevens, Palmer House, Congress and 
Morrison hotels; traffic safety sessions at 
Congress Hotel; commercial vehicle and 
farm safety sessions at La Salle Hotel: 
school safety sessions at Morrison Hotel, 
and home safety sessions at Stevens 
Hotel. For further information write R. 
L. Forney, general secretary, National 
Safety Council, 425 N. Michigan Ave., 
Chieago 11, Il. 


Electrode Distributor 


The Welding Equipment and Supply 
Co. of Detroit wishes to announce that, 
effective July 15, 1951, the Arcos Corp. 
of 1500 8. Western Ave., Chicago, Ill. 
will be the exclusive distributor of Eureka 
Tool and Die Welding Electrodes and 
Rods in the State of Illinois. They will 
also service the heavy industrialized area 
of East Chieago, Gary and Hammond, 
Ind.; the southern part of Wisconsin, 
including Milwaukee, and the Tri-City 
area of Moline, Rock Island and Daven- 
port. Their operation will be headed by 
Walter List, capably assisted by John 
Collins, Bill Craske and Pat O'Shea. 

The Arcos Corp. will maintain a com- 
plete warehouse stock of Eureka tool and 
die welding electrodes and rods. 

The Areos Corp.’s past experience in 
distributing Eureka electrodes on the East 
Coast will enable them to render an out- 
standing service on engineering problems 
pertaining to tool and die welding. 


New A.S.T.M. President 


The recently elected president of the 
American Society for Testing Materials is 
Truman 8. Fuller, Engineer in Charge of 
Works Laboratory, General Electrie Co., 
Schenectady 5, N. Y. 

He was born in Saratoga Springs, N. Y., 
and graduated from Syracuse University 
in 1911 with a degree of B.S. in Chemistry. 
He entered the employ of the General 
Electric Co. as Chemist at the Edison 
Lamp Works, Harrison, N. J., on July 1, 
1911. Three months later he was trans- 
ferred to the Research Laboratory as 
Metallurgist at Schenectady. In 1938 he 
became Engineer of Materials, Works 
Laboratory; in 1943 Assistant Engineer 
of that division; and on July 1, 1945, 
was appointed Engineer in Charge of the 
Works Laboratory. 

Participating in A.S.T.M. work for 
many years, Mr. Fuller is a former mem- 
ber of the Board of Directors, having 
served in 1939-41 and again in 1947-50. 
He was elected Vice-President last year 
and has been an active member of a large 
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number of A.S.T.M. technical commit- 
tees in many materials fields. 

A writer of many papers, particularly 
on metals and alloys, Mr. Fuller also is 
active in the work of other technical or- 
ganizations and holds membership in the 
following: American Society for Metals, 
American Institute of Mining and Metal- 
lurgical Engineers, the British Institute 
of Metals, and the British Iron and Steel 
Institute. He is a member of the Execu- 
tive Committee of the Welding Research 
Council. 


Research in Sweden 


A special committee for the study of 
fatigue in metallic structures has been 
formed by the Swedish Engineer’s Com- 
mittee. Given the problem of attack- 
ing the fundamentals of fatigue the 
special committee has a four-point pro- 
gram: (a) to make an inventory of 
fatigue-testing equipment available in 
Sweden, (4) to collect information on 
fatigue research in progress and to ex- 
amine new problems suggested by indus- 
try, (c) to study proposals for research 
with a view toward organizing, test pro- 
grams, (d) to distribute the tests to be 
made among the available laboratories. 

The Committee Chairman is Professor 
Weibull who published a statistical study 
of fatigue tests in the 1949 volume of 
Acta Polytechnica. The Committee ex- 
pects to prepare a decimal classification 
of all articles on fatigue, and is seeking 
foreign collaboration, which seems as- 
sured with the U.S.A. 


Fabricated Structural Shapes. 
Plates and Bars L.A.C, 


The Fabricated Structural Shapes, 
Plates, and Bars Industry Advisory Com- 
mittee at its second meeting, June 19th, 
conferred with OPS officials on the sub- 
stance of a proposed ceiling price regula- 
tion for their products. 

In general, industry representatives 
agreed with the suggested formula to regu- 
late operating margins on the basis of 
dollars per ton obtained in the last quarter 
of 1950 on the contract most comparable 
to the one being priced. 

Fabricated structural products are now 
under the machinery order, CPR 30, 
which specifies a pre-Korean base period, 
a time when the industry was relatively 
inactive. The industry manufactures 
countless products such as barges, buoys, 
cranes, industrial doors, tanks, fire es- 
capes, girders, ladders, mixers, roof 
decks, radio towers, smokestacks, wind 
tunnels and others, as well as steel for 
bridges, railroads, buildings and so forth. 

The committee asked for insertion in 
the regulation of a clause providing that 
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a manufacturer selling a combined prod- 
uct and erection service who sustains a 
labor cost increase as a result of contracts 
entered into before March 15th to bring 
rates up to prevailing levels may apply for 
OPS permission to include a factor for this 
increase in his ceiling price. 

Today’s meeting was conducted by 
Howard Needham, Metals Branch con- 
sultant. Also present were William Ker- 
ber, branch chief, R. J. Benes, counsel, 
Hardy Burgess, consultant, W. H. Dupka, 
iron and steel section head, C, R. Wasson 
and W. R. Rogers, economists, and Harry 
Spack, Office for Advisory Committees. 


The French Society of Welding 
Engineers* 

At the Annual Meeting of the French 
Society of Welding Engineers in Paris, 
Jan. 25, 1951, the President, J. Négre, 
announced a total membership of 767, 
compared with 702 the previous year. 
Of these 86 are sustaining members, and 
78 are foreign. Receipts for the year 
totaled 1,205,800 francs of which 676,000 
francs came from member's dues, and 
442,000 francs came from sustaining mem- 
bers. Expenses for the year can be 
grouped under three headings: the So- 
ciety’s magazine, office and activities of 
the International Institute of Welding. 
Of the balance of 96,900 frances resulting 
from the year's operation, 20,000 franes 
were set aside for prizes. Dues were 
raised 10%. The society held technical 
meetings every month except July and 
August in 1950. 

* Abstracted by Dr. G. E. Claussen, published 


in Soudure et Techniques Connepes , 27-30 
Jan. /Feb. 1951). 


Report of the Swiss Acetylene 
Society for 1950* 


The first few months of 1950 were poor 
for business. Prices were lower and 
everyone wished to liquidate stocks. 
After the Korean war broke out, com- 
mercial activity increased greatly. By 
autumn scarcities became felt, particu- 
larly in steel plates, piping, structural sec- 
tions, nickel, copper and some of its al- 
lovs, and light metals. Prices rose con- 
tinuously and restrictions were necessary. 
By the end of the year copper and its 
allovs could be obtained at official prices 
only with great difficulty. The conjec- 
tural attitude of the world to the Korean 
conflict was reflected in our country too, 
Materials for the armament industries 
were in great demand. Because of this 
rising movement in Swiss business, ex- 
ports of machinery reached a new high. 
In the same way welding and allied proc- 
esses tended to slow down during the 


* Abstracted by Dr. G. E. Claussen, published 
in Journal de la Soudure, 87-07 (May 51 
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first half of the year but quickly reached 
high levels of activity during the latter 
part of the year. However, the produc- 
tion and sale of calcium carbide did not 
exceed the preceding year. Despite all 
efforts it was found impossible to export 
carbide principally because possible im- 
porting countries were in unsatisfactory 
currency conditions. The sale of oxygen 
and dissolved acetylene was nearly the 
same in 1950 as in 1949. The price of 
oxygen is the same while the price of 
acetylene has dropped to the prewar level. 
Manufacturers of arc- and pressure-weld- 
ing machines have had good business. 
The decrease in consumption of weld- 
ing electrodes reported in 1949 was 
halted in 1950, but Swiss manufacturers 
were dissatisfied, because foreign produc- 
ers were endeavoring to secure the Swiss 
market. Government regulations have 
helped domestic manufacturers who now 
are at full production. 

The Society at its Institute at Basel and 
through local sections in other cities has 
given 28 welding courses attended by 395 
students. There were six l-week courses 
for students of the Basel Trade School, 
six l-week courses for students in all 
parts of Switzerland followed by a week of 
practice, five special one-week courses for 
particular groups, five evening courses 
for different industries in Basel, two 22- 
week evening courses, and three Satur- 
day afternoon courses for cities outside 
Basel. 

The Swiss Welding magazine, sent to all 
members free, contained 234 pages in 
twelve issues. The welding library of the 
Society is very popular with members, 
who were glad to receive a gift of about 
250 books from the Lincoln Welding 
Foundation. The Society undertook its 
usual testing work during the year, in- 
cluding tests of acetylene gene rators, 
torches and similar equipment, and is 
actively at work in the development of a 
dry generator for acetylene. The Society 
inspected acetylene installations at 1388 
plants during the year, and reported 
completely on all accidents. The Govern- 
ment issued a new code on acetylene, 
oxygen and caleium carbide in 1950 as 
well as a provisional standard on gas 
welding rods. This tentative standard 
VSM 14044 for rods for gas welding stee! 
was issued November 1950, but was formu- 
lated by a very active committee during 
the years 1943-46 and is based on tests 
at the Federal Materials Testing Labora- 
tory. 

The membership of the Society rose to 
1266 at the end of 1950. The President 
of the Society for the term 1949-51 is 
Prof. Dr. P. Schlapfer. 


Arcos International Prize 
Contest for 1953* 


The administration of the firm “La 
Soudure Electrique Autogene 8.A. Pro- 
eédé Arcos,” at 58-62 Rue des Deux- 
Gares, Brussels, Belgium, on the occasion 
of its thirtieth anniversary, organized an 
international prize contest with prizes 
amounting to 150,000 Belgian francs 
(about $3000) for original articles on elec- 


* Abstrac ted by Dr. G. E. Claussen, published 
in Arcos, No. 120, January 1951 
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On Oct. 28, 1950, the 
Jury of Award gave only the following 
prizes: (a) a third prize of 25,000 Belgian 
franes, (6) an honorable mention of 5000 
Belgian franes, (c) an extra prize of 10,000 
Belgian francs. The Jury decided to put 
into competition again the remaining 
120,000 francs for a new contest entitled: 
“Arcos International Prize Contest for 
1953.” 

This contest is open to everyone regard- 
less of nationality, age or title, except the 
members of the Jury and members of the 
Arcos organization. A paper may be sub- 
mitted by one author or by two or more 
authors in collaboration, but an author’s 
name may not appear on more than one 
paper. The prize money will be distrib- 
uted in the following way: First prize: 
50,000 franes, second prize: 30,000 francs, 
third prize: 20,000 franes and honorable 
mentions to a total of 20,000 frances. By a 
majority vote of */, of the members of the 
Jury, they may decide to group the prizes 
together or to award no prizes. The prize 
money will be paid at Brussels in Belgian 
francs and will be awarded only once. 
However, at the winner’s request, the 
prize money may be transferred to a for- 
eign country. 

The papers will bejudged by a Jury 
headed by Emile Duquesne, President of 
the Administrative Council of the Arcos 
firm, and consisting of the following mem- 
bers: one representative from each uni- 
versity and college in Belgium, one repre- 
sentative from the International Institute 
of Welding, six representatives at least 
from the different branches of industry 
who have an established reputation in 
welding in Belgium. 

The subject is left to the author’s 
choice within the limits of the following 
topics: 

1 The metallurgy of are welding, in- 
cluding electrodes, base metal or tech- 
nique. 

2. The nature and properties of the 
electric arc in air or in special atmospheres. 

3. The study and measurement of 
shrinkage stresses and distortion due to 
are welding. 

4. The study of the properties of elec- 
trodes and welds, as well as of test meth- 
ods. 

5. The study of the characteristics of 
transformers and generators, of whatever 
type, for are welding; their effect on the 
welding operation and on the properties 
of the welds, 

6. The study of a new type of as- 
sembly or method of are welding. 

7. The study of new structural steel 
sections either to increase the economy of 
welding or to increase the safety of welded 
structures. 

Four points will be considered by the 
Jury: (a) complete but concise treat- 
ment, (6) originality, (c) clear presenta- 
tion, (d) must have a practical character. 

Papers based on literature research and 
not on personal observations will not be 
awarded prizes. Four typed (double 


tric are welding. 


space) copies of the paper must be sub- 
mitted. They must be in French or Eng- 
lish; if the latter, a French translation 


them Each paper 
must have a summary of not more than 
20 lines. There must be a table of con- 
tents if the paper exceeds 15 pages 


must accompany 
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Ampco Weld cold-bent offset tips are 
made without patterns or special dies. 
Cold bending retains all physical prop- 
erties too. Moreover, because holes bend 
with metal, there’s no special drilling 
needed for water passages, That's why 
you get prompt service and fast delivery 
when you use Ampco Weld cold-bent tips, 


But that’s not all you get, You get 
longer runs and lower costs too — 
because the water passage gives you 
cooling right to the welding face. So. 
place your order today and enjoy all 
these advantages. 


Behind the famous Ampco Weld line 
of resistance-welding products is a corps 
of experienced engineers, ready to help 
you solve your problems. Just get in 
touch with us. 


AMPCO METAL, INC. 
Dept. WJ-8 
MILWAUKEE 46, 
WISCONSIN 
It’s Production-Wise 
to Ampco-ize nwa 


® 
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Three of the copies must not bear the 
author’s name. The fourth copy must 
bear his name, address and signature, 
and must be contained in a_ sealed 
envelope. This envelope must be placed 
in a larger envelope containing the other 
three copies. The four copies shall be 
sent to: Chambre de Commerce, 112 
Rue de Treves, Brussels, Belgium. The 
inner sealed envelope containing the 
fourth copy will be opened only after the 
results of the Jury have been issued, 
Papers must reach the above address not 
later than May 1, 1953, and shall not have 
been submitted to any other contest or 
publication. Papers that have been 
awarded prizes will be published in the 
Arcos Review or in a special form. Papers 
that have not been awarded prizes but 
which the administration of Arcos believes 
should be published in Arcos Review, or 
separately, will receive an award of 4000 
franes for honorable mention. The Jury 
will announce its selections during the 
first half of November 1953. 


World’s Longest Rail? 


These rails are 19,812 ft. in length 
probably the longest rails in the world from 
which all clickety-clacks are gone. The 
Elgin, Joliet and Eastern Railway is the 
proud producer and owner of these rails 
which are located a few miles east of 
Joliet, Ul. 

These superlong lengths are made by 
joining together standard 39 ft. rail lengths 
in an automatic oxyacetylene pressure 
welding machine. The “J,” as the Elgin, 
Joliet and Eastern is known, welds to- 
gether about 40 of the short standard 
rails which make 1600-ft. rails. These are 
next hauled out on flat cars and laid just 
like regular rail. Then the long lengths 
are welded together by a hand method to 
form longer rails thousands of feet in 
length. In the rails pictured, more than 
1000 costly-to-maintain rail joints are 
eliminated. 

The progressive “J” began laying welded 
rail in 1943 and by the end of 1951 it will 
have 90 miles of track with continuous 
rail—more than any railroad in North 
America, 

Everyone wonders why the long rails 
do not present expansion and contraction 


3333 LAKESIDE AVENUE 
‘ Branches in Akron, Cincinnati, 


Welding & Cutting Equipt. & Mach: 
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equipment and safety equipment are carried to meet 
emergency requirements. One call delivers all your needs. 


tHe BURDETT oxyGEen COMPANY 
CLEVELAND (4. 


Columbus, Dayton, 
Mansfield, Ohio and in Los Angeles, Colifernia. 


ines 
Industrial Gases * Goggles & Helmets 
Soldering & Brazing Outfits + Hose & 
Cable & Prunes Cylinder Trucks 


Fig. 1 


Standard rail lengths are pressure-welded together in Oxweld machines 


to form rail lengths 1600 ft. long 


Fig. 2 Continuous rail is hauled to lay- 
_ing site, then laid just like regular rail 


Fig 3 The 1600-ft. 


rail lengths are 
then field-welded to produce one con- 
tinuous rail 19 B12 ft. long 


problems. Actually, no magic has been 
used to remove expansion and contraction 
from continuous rail. As a matter of fact 
under temperature changes it would get 


| 


’ parts to be welded. 
14, OHIO | 


WELDING CONNECTORS 

Saxe System Welded Connection Units 

| for welded assembly 

Saxe Units place in position and securely hold together structural 


} As used in many welded structures they eliminate all hole punching 
‘ | ucing an economical, rigid, safe and quickly erected structural 


rame 
“Write for pe. Manual i 
nformation for welded structures" 
J. H. Williams & Company 
Buffalo 7, New York 
Air Reduction Canada, Ltd. 
a Montreal 2, Canada 


full i ing design 
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longer and shorter if it were not for several 
factors. First, continuous rail is laid 
when the temperature is not too hot or too 
cold. Second, the enormous friction be- 
tween rail and the ties tends to overcome 
expansion. Third, this frictional resist- 
ance is increased by the spikes which 
hold the rail down. Finally, anchors of 
one type or another are applied to the rail at 
particular points to prevent its movement. 
All these factors combined prevent any 
movement whatsoever in these super- 
lengths of continuous rail. 


Welding Saves 85 Tons of Steel 
in Baltimore Apartments 


For the recently erected 14-story 
Broadview Apt. building in Baltimore, 
Md., 2,921,000 Ib. of steel were used in 
the welded frame work. According to 
the fabricators and erectors, Vulean Rail 
and Construction Co., this same building 


Photo courtesy Lincoln Electric Co 


would have required 4,090,000 Ib. of 
steel if riveted construction had been used. 
Welding saved 170,000 Ib. or 85 tons of 
steel. On the original quotation for the 
fabrication of the building, the welding 
cost was approximately $30,000 less than 
that of riveting. Van Rensselaer P. 
Saxe, Baltimore engineer, designed the 
building as a rigid frame. This design 
was developed as being the best for the 
conditions of wind-bracing required as 
well as the general shape and type of 
structure. 


Tempil® Distributor 


Tempil® Corp. has added Southern Oxy- 
gen Co., Inc., Washington, D. C., as a dis- 
tributor of its line of temperature indicat- 
ing materials—Tempilstiks®, Tempilaq® 
and Tempil® Pellets. 

Tempil® products have won wide accept- 
ance in heat-dependent manufacturing op- 
erations WwW here accurate temperature con- 
trol is of importance, as in preheating for 
welding, heat treating, forging, hardening, 
tempering and casting. Tempilstiks® and 
other Tempil® products are now stocked 
by Southern Oxygen’s fourteen district of- 
fices (located in Pennsylvania, New Jer- 
sey, Delaware, Maryland, Virgiuia, West 
Virginia, North Carolina, South Carolina, 
Tennessee and District of Colurubia) and 
will also be available from Southern Oxy- 
gen distributors. 
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A Bridge Grows in Brooklyn 


This bridge grows with welded roots 
and branches. The roadways of the 
Brooklyn Bridge between Brooklyn and 
Manhattan are being repaired and widened 
from 16 ft to 30 ft ll in. The old wooden 
block roadways and trolley tracks on the 
side of the roadway are being torn out, 
new stringers welded in place and a road- 
way put down of concrete-filled Carnegie 
3-in. I-beam lockgrating. The 205,500 
sq. ft. of grating have been welded with 
E6010 electrodes using 20 Lincoln 
portable gas-engine, 300-amp. welding 
machines. Welding is being done by J. 
K. Welding Co. of Brooklyn, N. Y., for 
the general contractor, the Klevens Corp 
When completed, the famous old bridge, 
built in 1883 over a period of fourteen 
years, will go back into service with a 
“new look” and six lanes of traffic. The 
south roadway has been completed while 
the north roadway is under construction. 


Brooklyn Bridge Repairs 


Headed for Gulf’s Huge 
Cat Cracker 
Giant section of the catalyst carrier lines 
for the Fluid catalytic cracker with the 
world’s largest reactor throughput is 
shipped from the Jersey City Works of 


The M. W. Kellogg Co., refinery and 


chemical engineers of New York City 
The section, measuring 43 ft. 
about 12 ft 
nozzles, will be part of Gulf Oil Corp.'s 
new 60,000 BPD cracker at Port Arthur, 
Tex. 
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Address of the President, International Acetylene Assn. 


C. E. Monlux, New York, N. Y., May 21, 1951 


I am extremely happy to be here in 
Montreal. As most of you know, I am a 
citizen of the United States, but I spent 
three of the happiest years of my life in 
Canada from 1935 through most of 1938. 
While here [ made many friends, and I al- 
ways look forward to a visit to this great 
country with much pleasure. Since leav- 
ing Canada, I have watched with in- 
terest the continuous growth of Canadian 
industry. Truly, it is good to be here 
today. 

These are extremely trying times for 

all of us. The future is obscure and un- 
certain. Our way of life is threatened, 
indeed, our very civilization is threatened. 
The pressure on individuals and industry 
has never been greater. There was prob- 
ably never a time in our history when it 
was more important for everyone to do his 
job to the end that his industry fully 
and completely meets its obligatiens to 
society. As President of the Interna- 
tional Acetylene Assn., I can say to you, 
without fear of contradiction, that our 
industry is doing just that. Since the 
birth of the oxyacetylene industry on our 
continent, in Buffalo, N. Y., in 1907, ap- 
proximately 44 years ago, we have a record 
of which we can all be proud. 
The International Acetylene Assn. was 
formed in 1898 prior to the inception of 
the oxyacetylene industry. The primary 
function of the Association in its early 
days was the promotion of safety in the 
use of acetylene gas, generated from cal- 
cium carbide, for lighting purposes. 
The Association's primary function re- 
mains the same today as when originally 
formed. That is, promoting safety in the 
use of acetylene gas, generally in con- 
junction with its closely allied products, 
calcium earbide and oxygen, in what has 
come to be known as the oxyacetylene 
industry. 

The industry has grown at a continu- 
ously accelerating rate since the first 
acetylene and oxygen were combined on 
this continent in Buffalo 44 years ago 
to produce the hottest gas flame on earth. 


It has had a particularly fertile field 
in which to grow, for as you all know, the 
industrial development of the United 
States and Canada has not been equaled 
anywhere else in the world. In the early 
days of our industry the oxyacetylene 
process was used largely as a Yepair tool. 
Today it is a process essential to industrial 
production, with a wide variety of ap- 
plications ranging from the steel pro- 
ducer’s mill to the fabrication of countless 
items made of all types of metal. 

It is worthy of note that our industry, 
since its inception, has grown at a faster 
rate than the industrial productive ca- 
pacity that it serves. Particularly is this 
true during the last twelve years. This 
has been due largely to the foresight and 
willingness of the industry to spend a 
substantial portion of its earnings in re- 
search and development, that has re- 
sulted in bringing many new and profit- 
able applications of the process to industry. 

I am particularly proud of our record 
during World War II, and I am sure all 
members of the industry share my feeling. 
The requirements of the rearmament 
program in the eerly 40’s and the war 
which followed, that were placed upon 
this industry and that were fully met by 
the industry, were truly astounding. For 
example, the production of dissolved 
acetylene gas in the United States and 
Canada from 1939 through the peak war 
production year of 1944 increased ap- 
proximately 400%. The production of 
acetylene’s partner, oxygen, during the 
same period increased slightly more than 
400%, and the production of calcium 
carbide, from which acetylene gas is 
generated, increased in like proportion. 
During the same period, steel production 
in the United States and Canada in- 
creased slightly less than 70%. It is 
doubtful if the increased demands for 
any critical materials during this period 
were as great as those met by the oxy- 
acetylene industry. The demands placed 
upon the industry during the war years 
for military and civilian purposes were 


fully met by the industry with a minimum 
amount of fanfare and practically no use 
of Government money. I feel we can be 
proud that our nations and all users in 
them had all the oxygen, acetylene and 
calcium carbide that were actually needed 
during that extremely critical time. 

In developing and expanding the in- 
dustry, it is necessary for us to work 
closely with various government regula- 
tory bodies. Acetylene gas is a flammable 
gas. It is important, therefore, that its 
usage conform to safe practice. The 
cooperation that exists between the in- 
dustry and government agencies has been 
of the highest order. This has been ex- 
tremely helpful to us in meeting demands 
for our product, and we like to think 
that through our Association we have been 
helpful to these regulatory bodies. 

It seems appropriate to remind you 
that the use of the oxyacetylene torch or 
blowpipe is an economical, time-saving 
production tool. Those of you in indus- 
try readily appreciate that the process has 
contributed in no small measure to the 
tremendous increase in production of 
almost every item made of metal, from 
the steel producing plant itself to all 
fabricated metal articles; including ships, 
locomotives, automobiles, airplanes, tanks, 
all types of war material, such as rockets 
and jet propulsion engines, as well as 
thousands of peacetime items. Without 
the process, the production records made 
during and since World War II would have 
been virtually impossible. 

Over the past several years, the cost of 
acetylene and oxygen to the consumer 
has risen but a fraction compared to the 
increased cost of other material and 
labor. At this critical time in our history 
when materials and labor are rapidly ap- 
proaching conditions of short supply, our 
industry has an added responsibility to 
have not only an adequate supply of oxy- 
gen, acetylene and calcium carbide avail- 
able but also to introduce and encourage 
their use in new and old applications. 

Immediately following World War II, 
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consumption of the three major products 
in our industry decreased for a short 
period. However, when the conversion 
from wartime production to peacetime 
production was completed, consumption 
figures began to climb again, well above 
the prewar figures. Indeed, the demand 
for our products during the conversion to 
peacetime production remained above the 
prewar demand. We are again engaged 
in a rearmament program and facing the 
possibility of a third world war. The 
demands upon our industry today are 
greater than they were during the peak 
vears of World War Il. This is true of 
all three major products: oxygen, cal- 
cium carbide and its end product, acet- 
viene gas. The use of acetylene gas in 
the chemical industry is an added factor 
in its large present-day usage. This de- 
mand since World War II has been very 
large and will undoubtedly continue to 
increase A number of you here today, 
and particularly you Canadians, are no 
doubt familiar with the importance of 
acetylene in the chemical and plastic 
industries, for as you know, vou have just 
a few miles from here, at Shawinigan 
Falls, a very large chemical operation 
based largely on the use of acetylene gas. 
Acetvlene’s partner, oxygen, is also being 
used in extremely large quantities in the 
chemical industry as well as for metal- 
lurgical purposes as distinguished from 
the normal oxyacetylene process in the 
production of steel. 

During the last three vears, it dustrial 
production capacity on this qontinent 
has been increased at a phenomenal rate. 
Capital expenditures for new facilities 
for the three years, 1948, 1949 and 1950, 
have been at the rate of about 16 billion 
dollars a year for the United States and 
Canada. Estimates for 1951 are in the 
neighborhood of 23 billion dollars. Plans 
for this year and for 1952 call for the 
building of many, many new production 
facilities as well as the development of 
raw material sources. The development 
of iron ore bodies in Labrador is now 
under way and marks a major Canadian 
contribution. Iam proud to state author- 
itatively that the oxyacetylene indus- 
try has carefully surveyed the planned ex- 
pansion in the United States and Canada 
and is now in the process of providing 
additional production of calcium carbide, 
acetylene gas and oxygen to fully meet 
the demands that will be placed upon us. 
Again let me say, this expansion is being 
financed by private capital. I am con- 
fident that we will meet these demands and 
that the rearmament program will not 
suffer for lack of our products. I am 
equally confident that we will meet any 
necessary demands that may be put upon 
us in the event of total war—which God 
forbid. 


Annual Meeting 
American Welding Society 
Book-Cadillac Hotel 
Detroit, Michigan 
Week of Oct. 15th 
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STAINLESS STEEL 

has great strength . . . but its strength 
is limited by the quality of welds 
which seal the joints. In all kinds of 
manufacturing—military work in 
particular—stainless is being used 
more widely. If you weld stainless, 


choose electrodes with care. 


PAGE STAINLESS STEEL 
ELECTRODES, AC or DC, givea 


stable arc under all conditions. 


and easily removed. The coating 
resists cracking down to very short 
stubs. Now available in 10-lb. lined, 
hermetically sealed metal cans which 


Page Stainless Steel Electrodes. 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, 


co Les Angeles, New York, Philadeiphic, Portland, 
Sen Francisco, Bridgeport, Conn 


PAGE STEEL AND WIRE DIVISION 
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E. H. Roper Appointed Manager 
Airco General Technical Sales 
Dept. 


Air Reduction Sales Co., a Division of 
Air Reduction Co., Inc., has announced 
the appointment of Edward H. Roper as 
Manager of the General Technical Sales 
Dept. 

Joining Air Reduction in 1936, Mr. 
Roper served in various capacities in the 
General Technical Sales Dept. and was 
appointed Assistant to the Manager of 
that Department in 1944. Four years 
later he became Assistant Manager of 
this department whose function it is to 
assist nation-wide users of Airco products 
and processes in their proper applications. 

During the war years, he was an in- 
structor for aireraft welding classes ad- 
ministered by the University of the State 
of New York. 


E. H. Roper 


Mr. Roper attended the Buckley School 
in New York, The Taft Preparatory School 
in Watertown, Conn., and in 1932 re- 
ceived his Bachelor of Science Degree in 
Mechanical Engineering from the Shef- 
field Scientific School, Yale University. 
His early engineering experience included 
such diversified fields as installation of 
Diesel-electrie equipment in California 
and operation of petroleum equipment in 
Aruba, N. W. I. 

He is a licensed engineer in the State of 
New York and for many years has been 
an active member of the American Society 
of Mechanical Engineers and the Amert- 
can WELDING Soctery. He has presented 
technical papers before various industrial 
societies and is a co-author of Oxygen 
Cutting, a recent textbook on oxyacetylene 
cutting. 
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Eutectic’s President Appointed 
to N.A.M. Research Committee 


The appointment of Rene D. Wasser- 
man, Director of Research and President 
of Eutectic Welding Alloys Corp., Flush- 
ing, N. Y., to the Research Committee of 
the National Association of Manufactur- 
ers was announced by Earl Bunting, Di- 
rector of N.A.M. 


R. C, Freeman Named Manager 


Raymond C. Freeman has been named 
manager of the General Electric Co.'s 
Welding Divisions at Fitchburg, Mass., 
according to a recent announcement by 
Nicholas M. DuChemin, general manager 
of the Company’s Small Apparatus Divi- 
sion. 

Concurrently, Mr. Freeman appointed 
Alanson U. Welch to succeed him in his 
former position as manager of engineering 
of the Welding Divisions. 

Until his appointment as manager, Mr. 
Freeman was acting manager, having 
assumed the responsibilities of A. F. Vin- 
son, former manager, last April. Mr. 
Vinson left at that time to attend the 
Advance Management Program’s Business 
Training Course at the Harvard Graduate 
School of Business Administration, and 
has since been appointed manager of 
Employee and Community Relations, 
Small Apparatus Divisions. 

A graduate of the University of Minne- 
sota in 1929, Mr. Freeman joined G-E the 
same year as a student engineer on the 
Company’s Test Course at Schenectady. 
Shortly thereafter, he was transferred to 
the company's Lynn, Mass., plant where 
he was assigned to the Motor Design 
Engineering Division. While at Lynn, he 
attended the Boston University Graduate 
School of Business Administration. 


R. C. Freeman 


Personnel 


In 1937 Mr. Freeman became section 
engineer in the G-E Welding Divisions 
then located at Lynn, and in 1946 he 
assumed the post of division engineer of 
d.-c. welders at Fitchburg. 

He was named manager of engineering 
of the Welding Divisions two years later, 
the position he held until his present ap- 
pointment. 

Mr. Freeman, who holds a patent on are 
welding control, is a member of National 
Committee of Electric Welding of the 
A.LE.E., a member of the board of direc- 
tors, Worcester Section, of the AMERICAN 
WeLpING Society, and is active on the 
Committee on Electric Welding and the 
Committee on Low Voltages of the Ameri- 
ean Standards Association. 

Mr. Freeman is holder of the Coffin 
Award, the highest recognition the General 
Electrie Co. can bestow an employee. 


S. D. Baumer Appointed Vice- 
President Airco Equipment Mfg. 
Division 


Air Reduction Co., Inc., has announced 
the appointment of 8. D. Baumer as 
Vice-President of the Airco Equipment 
Mfg. Division. 


S. D. Baumer 


Joining the Airco General Technical 
Sales Dept. in 1941 as steel mill specialist, 
Mr. Baumer was appointed assistant 
manager of that department in 1944%and 
manager in 1948. 

Mr. Baumer has long been an active 
member of the Association of Iron and 
Steel Engineers, the AmMeRIcAN WELDING 
Socrery, and the Iron and Steel Institute 

A native of Johnstown, Pa., Mr 
Baumer spent a number of years in the 
cast-iron radiator and boiler field before 
joining the Bethlehem Steel Co. at the 
Johnstown plant where he was employed 
in various capacities until 1941 when he 
joined Airco. 
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WHY PAYS 


to reclaim worn 
forging dies with 
“HASTELLOY” Alloy 


Trade-Mork 


Rebuilt Dies Often Last Longer Than New Ones: 
Besides eliminating the total loss of scrapping a worn forging die, rebuilding dies 
with Haste.toy alloy C frequently makes them last longer than new ones. Most 
shops have found tHat repaired dies last 2 to 3 times longer than the original metal. f 


Also, when a reclaimed die finally does wear, it can be machined and faced again. 


HASTELLOY Alloy C Is Easy To Apply: 


Alloy C rod can be easily applied to the worn contour and part lines of old forging 


dies. Preheating is seldom necessary except to speed welding of very large dies. The 


rod can be applied to any of the common die steels by arc welding. 


Deposits Are Machinable: 


When deposited, HasteLioy alloy C has a hardness of about 200 Brinell. It can 


be machined by any of the common diesinking tools. Grinding is not necessary. a 

Peening Is Eliminated: 
There is no need to peen or hammer a HasTe.oy alloy C deposit. Deposits work- b 

harden in service to from 325 to 375 Brinell and have excellent resistance to chipping i 


and spalling. 


For further information on rebuilding worn forging dies, get in touch with the g 
nearest Haynes Stellite Company district office. Ask for a copy of the new “Haynes 
Hard-Facing Manual,” which tells how to apply HasTeLtoy alloy C and many 


other Haynes hard-facing rods. 


AYN F Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 
nt mag 


TRADE-MARK sf Wh General Offices and Works, Kokomo, Indiana 
Chicago — Cleveland — Detroit — Houston 
Los Angeles—New York —Sen Francisco—Tvise 


“Haynes” ond “Hastelloy” are trade-marks of Union Carbide and Carbon 
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A. F. Vinson Appointed Manager 


Arthur F. Vinson has been appointed 
mansger of employee and community 
relations of General Electric’s Small Ap- 
paratus Divisions with headquarters at 
Lynn, Mass., according to an announce- 
ment by Nicholas M. DuChemin, general 
manager of the divisions. 


A native of Plainfield, Il., Mr. Vinson 
was graduated from Michigan ‘State 
College in 1929 with a B.S. degme in 
electrical engineering. He then joined 
G-E on the company’s Test Course at 
Fort Wayne, Ind. He held successive 
positions as process engineer, d.-c. motor 


TWECO CABLE 
CONNECTORS 


—‘SOL-CON” (solder type) 
—“MEC-CON” (mechanical) 


Quick - detachable connectors Add 
on cable. Take off cable. Attach 
holder whip cables. Split male plug 
permits adjusting spring tension for 
electrical contact. Two sizes, Sol- 
Con; three sizes, Mec-Con for #6 
through 4/0 cable. 


Tweco “Sol-Con” and “Mec-Con™ plugs fit 
the female pert of Tweco Terminal connectors 
for quickly connecting cables to the welding 


machine and to switch polarity. They are 
COMPANION ITEMS. 


Boston at Mosley St. 
WICHITA, KANSAS 


section head and inventory control super- 
visor. 

In 1939 he was named assistant pro- 
duction manager at the Fort Wayne 
Works, a position he held until 1945, when 
he transferred to Schenectady, N. Y., as 
assistant production manager of the 
company’s Apparatus Dept. He was 
appointed chairman of the committee in 
charge of the former Welding Equipment 
Divisions in 1947 and a vear later became 
manager of the Welding Divisions at 
Fitchburg, Mass. 

Mr. Vinson recently completed the Ad- 
vanced Management Program of Harvard 
University’s Graduate Sehool of Business 
Administration. 


Davis Receives Degree 


A. F. Davis was recently honored by 
the receipt of the degree of Doctor of Sei- 
ence. Below are the comments of William 
Morgan, the Commencement Marshal at 
Mt. Union College in Alliance, Ohio, 
when presenting him for the degree. 

“President Ketcham, as a representa- 
tive of the faculty of the College, I wish 
to present Mr. Alton Frank Davis. Mr. 
Davis was born and educated in this area. 
After graduation from the Alliance High 
School, he entered Mount Union College 
where he studied for two years. He inter- 
rupted his college training program to 
serve two years in the Engineering Depart- 
ment of the City of Alliance. He resumed 
his education at the Ohio State Univer- 
sity and was graduated with a degree of 
Bachelor of Engineering in Electrical 
Engineering in 1914. 

“Upon his graduation from Ohio State, 
Mr. Davis entered the employ of The 
Lincoln Electric Co. of Cleveland, where 
through the intervening years he has 
served in several capacities. At present 
he is a Director, Vice-President and Secre- 
tary of the Company as well as the Secre- 
tary of The James F. Lincoln Are Welding 
Foundation 

“His associates have felt in him a source 
of inspiration and an inexhaustible foun- 
tainhead of ideas. Because of Mr. Davis’ 
interest in the dissemination of knowl- 
edge, the developments of the science of 
welding have been made available not 
only to the industrial field but to the 
public as well. Through his own personal 
efforts and through the Foundation, ex- 
tensive libraries on welding theories and 
practices have been placed in strategic 
positions for use. 

“He is editor of The Procedure Hand- 
book of Are Welding Design and Practice, 
now in its ninth edition with a total dis- 
tribution of over one quarter of a million 
copies, and under his guidance the Foun- 
dation has published many other impor- 
tant works. 

“He has promoted progress in welding 
through the A. F. Davis Welding Awards 
for undergraduate engineers. 

“Through his years of accomplishment 
in his own field, Mr. Davis achieved an 
understanding of people and human rela- 
tionship which has given him-a steady 
course by which to steer. His faith in his 
fellow man has made him a champion of 
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the individual and a forthright spokes- 
man of the dignity of hard work. 
“President Ketcham, on behalf of the 
faculty of the College, I have the honor to 
present to you Alton Frank Davis to re- 
ceive the degree, Doctor of Science.” 


| Employment 
Service Bulletin 


Positions Vacant 


Draftsmen for rapidly expanding Steel- 
Weld Fabricating Division, experienced 
in design and detail of Steel Weldments 
with knowledge of Structural Steel De- 
sign. Apply by letter only, stating age, 
experience, technical training and salary 
desired. Write The R. C. Mahon Co., 
Chief Engineer, Steel-Weld Division, 
P. O. Box 4666, Detroit 34, Mich. 

V-255. Graduate Electrical Engineer 
with two to four vears of experience, with 
a working knowledge of electronic instru- 
ments for the development of resistance- 
welding machinery. 
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goes 
submarine 


Inspectors studying radiographs of 
in the 26-inch-diameter, 14-inch-thick steel pipe. 


and Radiography proves each weld 


ATURAL GAS from Texas makes its 

final plunge into New York City through 
a 4800-foot pipe line laid under the bed of the 
Hudson River. Each joint was welded. And 
with 450 lbs. p.s.i. inside and the pressure of 
silt and 90 feet of water outside, these welds 
had to be sound and set for a long life. To 
make sure, the contragtor had radiographs 
made of every joint. 


This is how Radiography helps do impor- 


Radiography... 


nother important function of photography 


tant jobs well. It puts a valuable O. K. on 
welds. It helps build reputations for con- 
sistently good work. 

Wouldn’t you like to know how it is 
helping to increase business and improve 
production for others? Your x-ray dealer will 
be glad to tell you. Get in touch with him. 


EASTMAN KODAK COMPANY 
X-ray Division e Rochester 4, N. Y. 


4 
Kodak 


TRADE MARE 


completed welds 


a 


pRopuers 


Bronze Welding Rod 


EutecRod 148FC, a new bronze weld- 
ing rod featuring an extra-thin initial 
“tinning” action, has been released by 
Eutectic Welding Alloys Corp. Claimed 
by the manufacturer to be capable of 
eliminating prewelding preparations re- 
quired by conventional rods, new Eutec- 
Rod 148FC reportedly flows there directed 
without extensive chamfering, even on 
butt joints where necessary. 

Each rod is covered with a new type of 
specially developed flux coating yielding 
full strength joints on old, corroded and 
dirty cast iron. Tensile strength is listed 
up at to 55,000 psi. and a Brinell hardness 
of 75-120. It is claimed to be the first 
bronze welding rod which can be used in 
chamfer joints as well as square butt and 
lap joints. 

Complete specifications and technical 
data are available upon request from Dept. 
TIS, Eutectic Welding Alloys Corp., 172nd 
St. and Northern Blvd., Flushing, N. Y. 


Short Interval Electronic Timer 


Photoswitch E’ectronic Timer Type 
30CR3 is designed to meet requirements 
for accurately controlled short interval 
timing. It has a timing range of from 3 to 
120 cycles, and fulfills the specifications of 
N.E.M.A. class 1A nonsynchronous tim- 
ers. In addition to its many general- 
purpose timing applications, Type 30CR3 
is recommended for spot welders and is 
applicable to manual-, air- or motor- 
operated welding equipment requiring 
either beat or nonbeat operation. It is ex- 
tensively used as well for automatic filling 
operations in the food and drug industries, 
the control of punch presses and other 
machine tools, and conveyor control. 

Many features of particular importance 
in short interval timing and to the welding 


Electronic Timer 


fields are incorporated in this timer. 
The timing adjustment is calibrated for 
any interval from 3 to 120 cycles and the 
accuracy throughout this range is within 
2%. The timing adjustment is located 
on a panel inside the housing thus provid- 
ing a tamperproof setting. The timer may 
be used with either a 115 or 230 v. a.-e. 
supply. By simple selection of terminals 
on the terminal panel, the timer will pro- 
vide “beat” or “nonbeat” operation 
(control from momentary or sustained 
contact switch). The terminal panel is 
provided with a bakelite dead-front elimi- 
nating the danger of an operator contacting 
the terminals when setting a timing 
interval. 

Combinations of Timer Type 30CR3 are 
used when it is desired to control other 
portions of the welding cycle, such as the 
squeeze, heat, cool, ‘on’? and “off” peri- 
ods. Photoswitch, Inc., 77 Broadway, 
Cambridge 42, Mass. 


Tempilaq® 2000 


Tempil® Corp. of 132 W. 22nd St., 
New York 11, announces the development 
of Tempilag ° to indicate 2000° F., thereby 
extending the high temperature range of 
Tempilag® above the 1950° F. level 
hitherto available. 

Tempilaq® can now be obtained in 12- 
or 13-degree steps from 113 to 400° F., 
and in 50-degree steps from 400 to 2000° 

Tempilstiks®, the crayon form of tem- 
perature indicator, and Tempil® Pellets 
are available in similar intervals covering 
the same range of temperatures from 113 
to 2000° F. In addition, Tempil® Pellets 


can also be supplied for temperatures 
above 2000° F. in 50-degree steps to 2500° 
F., inclusive. 


Self-Centering Rotating Clamp 


The Philadelphia Division, Yale & 
Towne Mfg. Co., has perfected a new 
hydraulically operated clamp for indus- 
trial fork trucks, which enables bales, 
bins, drums and miscellaneous containers 
to be picked up and transported on the 
center line of the truck. Conventional 
clamps and grabs of a similar nature do 
not have synchronized movement of 
arms in opening and closing, making it 
difficult to carry loads, unless the truck is 
lined up perfectly with the center line of 
the load. The off-center loading result- 
ing from these clamps makes the truck 
unstable, particularly when the clamp and 
load are rotated. 

When used with a rotator, the clamp 
does not creep off center. Loss of pres- 
sure grip in arms is minimized. A vari- 


Self-Centering Rotating Clamp 


New Products 
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ui MP OR T Al N Ts FOR YOUR DEFENSE CONTRACTS! 


120 JOB-ENGINEERED (EUTECTIC) WELDING 


ALLOYS, ELECTRODES, AND FLUXES. ee 
DO YOU WANT TO] °2%@* 2nd faster to use than conventional 


grades of welding rods... yet yielding vastly 
superior results and lasting satisfaction... 
ANSWER EVERY METAL JOINING NEED 


Over 78,000 users now specify genuine EUTECTIC Low 
Temperature WELDING ALLOYS and EUTECTOR Fluxes 
wherever stronger, better joints ore desired ... on 

ALL metals—cast iron, allow steels, aluminum, copper and 
nickel alloys, die castings, overlays, etc. 

It will pay YOU to keep fully posted on the selection 

of alloys available and the advantages of each for the 
particular jobs you face...for torch...arc... 

furnace . . . induction heating. 


Free! Free! Free: 
dle ia / Yours for the asking: EUTECTIC’s National Defense 
Manual Series—‘Manval of Welding Engineering & 
Se Design”; ‘‘Manual of Tool & Die Salvage”; etc 
ne Also profusely illustrated technical literature complete 


with specifications, case histories, etc. 


Make us Prove it! 


In metal-joining, the “‘proof of the pudding” is in 
cool - the demonstration, not in the advertising claims. That 
void weld failures and : 
excessive — is why we keep saying: “Make us prove it!” 
We gladly offer a FREE C ltation-D tration 
right in your own shop! 


— 
has the solution for you! amu 


EUTECTIC WELDING ALLOYS CORPORATION 


40-40 172nd Street * Flushing —New York, N. Y. 
America’s Leading Institution Devoted to. Research, Manufacture of Specialized Metal-Joining Alloys 


\ 


Eliminate porous welds? 


EUTECTIC WELDING ALLOYS CORP. Nee Yon. my. 
0 Send your local District Engineer to conduct a FREE C Itation-D. ation in my shop. 


CD Send FREE literature on latest welding developments for the following metols__._—_ 


CITY. 
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Avoid = and crocks? fi 

Avoid distortion ond buckling? of q | 
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‘building aluminum structures 
should have the help of their... 


LOCAL ALCOA DISTRIBUTORS 


He makes available to you Alcoa's authori- 
tative technical library . . . 4 specialized 
training films on aluminum welding, plus a 
profusely illustrated 135-page welding 
handbook. You'll find your Alcoa Distribu- 
tor listed under “aluminum” in your classi- 
fied phone book. Or write to ALUMINUM 
COMPANY OF AMERICA, 1944H Gulf Bldg., 
Pittsburgh 19, Pennsylvania. 


Dependable welds are quickly and economically made on 
aluminum structural members. Ask your Alcoa Distributor. 


ALE OA FIRST IN ALUMINUM 


New Products 


able clamping pressure permits handling 
of any type load, such as fragile cartons, 
heavy containers, bales and boxes. 

The self-centering arms have an inside 
opening range from 17 in. minimum to 66 
in. maximum. The clamp will handle 
loads up to 6000 Ib. and can be installed 
on gasoline or electric trucks. 


Heliare Welding Stainless Steel 
Cabinet Doors 


A lightweight, HW-9 Heliare torch is 
being used here to weld the stainless steel 
frame of a cabinet door. The door is 
fabricated from 18-gage, type 302 stain- 
less steel. The frame sections are tack- 
welded first, then fully welded and finished 


by grinding. The Low-Temp. Co. of 
Jonesboro, Ga., manufacturer of the 
doors, reports that the HW-9 torch is 
used because it is lightweight and since it 
is air-cooled, needs no provision for water 
cooling. This air-cooling feature, the 
company says, makes the HW-9 suitable 
for outside-the-shop assembly work. 


Spot Welding & Soldering 
Machine 


Joyal Products, Inc., 11 Hill St., New- 
ark, N. J., announces the availability of 
its new Resistance Spot Welding «& 
Soldering Machine (Model 1000 WY, 
or 2000 WV—a. ec. only), equipped with 
timer. This machine speeds production, 
euts costs, eliminates shrinkage in the 
manufacture of instruments and is invalu- 
able to the manufacturer of small prod- 
ucts and jewelry. It solders or welds in 
less than a second. 

Also, this machine silver solders, soft 
solders and spot welds precious and dis- 
similar metals. It spot welds steel parts 
up to */3 in. in thickness, It will solder 
brass up to '/s in. in thickness as well as 
sterling silver and other precious metals. 

Model 1000 WV: 110 v. a. c., 9 amp. 

Model 2000 WV: 220 v. a.c., 10 amp. 
equipped with water-cooled electrode 
holders. 

Dimensions: 10 in. long by 11 in. 
deep by 10 in. high, plus control box 4 in. 


high. 

Model 1000 WH, or 2000 WH, a. ce. 
only, is the same as Model 1000 WV or 
2000 WV, except that this machine is 
equipped with horizontal electrodes to 
handle jobs such as the soldering of a 
plastic decoration to a semiprecious tie 


clasp. 
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McKAY ELECTRODE REPORT 


METALLURGICAL PROPERTIES 


WELD METAL DEPOSITED 


PHYSICAL PROPERTIES 


SLAG REMOVAL 


A perfect rating every time—all the time... 
that's the performance record of every McKay Elec- 
trode. Experienced welding men know that uniform 
Electrodes, with fully controlled properties, are a 
“must” for structurally sound weldments. 

McKay Electrodes are formulated to provide met%al- 
lurgically sound weld-metal with specific physical 
properties. Absolute control in each manufacturing 


The Case of the Right Report 


operation assures uniformity in every Electrode in 
the McKay line. 


* * * 7 * 


Our Technical Staff will appreciate the oppor- 


tunity to recommend the Electrodes best suited ¥ 


for your particular needs and send you samples * 


for ‘'on-the-job”’ tests. 


ARC-WELDING 


ELECTRODES 


Ses MILD, STAINLESS & ALLOY STEELS 


HAVE YOU HEARD ABOUT THE NEW 
e McKAY 16 (AWS E-6020) ELECTRODES ? 


THE McKAY COMPANY 


406 McKAY BUILDING 
Pittsburgh 22, Pa. 
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Spot Welding and Soldering Machine 


An automatic cutoff timer regulates 
soldering time. Heat control with eleven 
adjustments determines correct heat for 
the job. When dials are set, uniform 
soldering time, heat and holding pressure 
on the electrodes are maintained, re- 
ardiess of how long the foot switch is held 
down. Thus, all chance of work burning 
and consequent shrinkage is eliminated. 
For additional information and catalog 
material on the new Joval Resistance Spot 
Welding & Soldering Machine, please 
write to Joyal Products, Inc., 56 Belmont 
Ave., Newark 3, N. J. 


High-Speed, Accurately 
Controlled *“Unionmelt”’ 
Welding Machine 


Uniform welding of straight-line seams 
in light to heavy plate can be done at high 
speeds with the new UE-48 welding ma- 
chine designed by Linde Air Products 
Co., a Division of Union Carbide and Car- 
bon Corp., for “Unionmelt” welding in 
permanent production installations. 
The UE-48 machine consists of Linde’s 
new CM-48 Side Beam Carriage, a UE 
welding head, a small rod reel, a Union- 
melt feed hopper and controls. The 
equipment is mounted on the steel frame 
of the carriage, which rides a cold-rolled 
teel track. A DS “Unionmelt”’ welding 
Br can also be used with this carriage, 
nd the machine is then designated the 
Ds-48. 

Welding conditions for a particular job 
ean be set into the control mechanism of 
the machine before it is put into operation. 
The welding current, the carriage speed, 
the welding voltage and the “Unionmelt”’ 
material flow all can be adjusted before 
welding is begun. 

An inherently accurate electronic gover- 
nor controls the speed of the carriage. 
This control permits a stepless speed range 
of from 3 to 200 in. per minute. The 
rate of speed can be preset by a meter, and 
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the carriage will move immediately at 
that speed when started. The speed rate 
ean also be changed while the carriage is 
in motion. 


illustration. It can be adjusted to make 
any type of butt or fillet weld. 


Colmonoy Spraywelder 


Wall Colmonoy Corp. announces a new 
model of their Spraywelder. The Spray- 
weld Process consists of applying uniform 
overlays of Colmonoy Hard Facing alloys 
using metallizing procedures, and then 
subsequently bonding the overlay to the 
base metal. 


High Speed “‘Unionmelt” Welding Machine 


After the controls are adjusted for the 
desired welding conditions, the operator 
switches the machine “‘on’’ and it proceeds 
to weld without further attention. This 
frees the operator to unload and load the 
welding job. It also reduces human error 
and effort, and results in the production 
of identical welds. 

A wide variety of work can be handled 
with the UE-48 machine. Metal from 
16-gage to 1'/, in. thick can be welded 
with a single pass. The head can be 
positioned at right angles to the track, or 
parallel to it as shown in the accompanying 


New Products 


In addition, the Spraywelder can be 
used to apply metal powder castings such 
as copper, brass, stainless, aluminum and 
zine. 


The Model B Spraywelder incorporates 
many new features: Lighter weight 
greater capacity air filter, more positive 
air and powder control valves, new 
trigger mechanism—finger-tip control with 
lock for continuous or intermittent spray- 
ing and increased cooling chamber in head 
insures steadier operation and longer 
tip life. 
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HELP FROM 


he greater arc stability of welding rod coat- 
ings having higher and more uniform ti- 
tanium dioxide content is readily achieved 
with new, non-pigmentary TITANOX-TG. Un- 
like pigmentary grades of titanium dioxide, 
this new product has a remarkably low con- 
tent of phosphorus, sulfur and volatile metals 
including zine and antimony. In comparison 
with pigmentary titanium dioxide, TITANOX- 
Thus, 


TG requires much less silicate binder. 


not only can the TiO, content of the coating be 
appreciably increased but also accurately con- 
trolled through high purity. 

This highly purified titanium dioxide is free- 
flowing, non-sticking and non-balling. It will 
contribute to faster and more economical pro- 


TITANIUM 


Subsidiary of 


TITAN OX 


IMPROVES 
WELDING ROD 
COATINGS 


duction, particularly when dry blending is 
employed. We shall be glad to help you adapt 
TITANOX-TG to your titanium coated elec- 
trodes. Write today toour Technical Service De- 
partment. Titanium Pigment Corporation, 
111 Broadway, New York 6, N. Y.; Boston 6; 
Chicago 3; Cleveland 15; Los Angeles 22; Phila- 
delphia 3; Pittsburgh 12; Portland 9, Ore.; San 
Francisco 7. In Canada: Canadian Titanium 
Pigments, Ltd., Montreal 2; Toronto 1. 


8855 


PIGMENT 


NATIONAL 


TITANOX 


CORPORATION 


LEAD COMPANY 


RESEARCH: 
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Areair Torch 

The Arcair Co., P. O. Box 1792, Sta- 
tion A, Bremerton, Wash., has produced a 
gouging and cutting toreh which operates 
on an ordinary d.-c. welding machine and 
a compressed air line. 

It removes defects in castings or forg- 
ings, cleans root of welds, removes welds, 
and grooves, cuts or bevels mild steel, 
stainless steel, hard alloys, brass bronze, 
Monel, cast iron or any other metal. 

The manufacturer states that it oper- 
ates five times as fast as chipping. Gouge= 
a */<in. groove at over two feet per- 


The depth of cut is easily regu- 
lated and welding slag does not deflect or 


minute. 


hamper the cutting action. No oxygen or 
fuel gas required. The same man that 
does the welding can also operate this 
torch. Though not much larger than an 


are-welding electrode holder, it contains 
an air control valve and rotating nozzle 
which permits changing the electrode 
angle to suit the job, but maintains the 
jet in perfect alignment. No gas cylin- 
ders or regulators are necessary. It can 
be used anywhere it is possible to weld 
Operates in spaces too restricted to a- 
commodate a chipping hammer or oxygen 
gouging torch. Requires no difficult 
adjustments for use on different materials 
Resulting surface is clean and smooth. 
Welding or brazing can be done without 
further grinding or cleaning. 


Quantometer 


The “Quantometer,” a direct reading 
spectrometer capable of automatically 
giving complete and accurate analyses of 
brass and bronze alloys in a few minutes, is 
featured in the booklet ‘‘Control—The 
Key to Improvement in Quality Prod- 
ucts,” just published by Titan Metal 
Mfg. Co., Bellefonte, Pa. Other modern 
control methods used in the fabrication of 
Titan brass and bronze rods, forgings, die 
castings, welding rods and wire are also 
ustrated and deseribed. 


Standard Manual on Pipe 
Welding 


The preparation of this book is the re- 
sult of more than six years of intensive 
work including hundreds of tests and 
much research work, and has been pub- 
lished in response to requests from archi- 
tects, engineers and piping contractors, 
for an up-to-date and authoritative treat- 
ment on welded piping design and installa- 
tion practices. 

Every effort has been made to present 
what is today the most reliable standards, 
practices and theory in pipe welding. To 
provide the proper background of varied 
industrial experience, the Editorial Com- 
mittee consisted of representatives of 
Piping Contractors, Fabricating plants, 
Trade and Technical Associations allied 
#to the industry, and manufacturers of 
pipe fittings and of welding equipment. 

The book has 506 pages, is profusely 
illustrated and is priced at $7.50 per 
copy. A discount of 10% is allowed on 
orders for six or more copies. It is a prac- 
tical book—one that will certainly prove 
valuable in the hands of those interested 
in modern pipe welding design and instal- 
lation. 

Heating, Piping & Air Conditioning 
Contractors National Assn., Suite 1401, 
Rockefeller Center, 1250 Sixth Ave., New 
York 20, N. Y. 


Low-Temperature Brazing 


Handy & Harman, 82 Fulton St., New 
York 38, N. Y., has issued an attractive 
four-page folder on Low Temperature 


Brazing, News 454. Copy available on re-- 


quest. 


Heliare Welders 


Are Welders for “Heliare’”’ Weld- 
ing, Miller Electric Mfg. Co., Appleton, 
Wis., describes complete line of trans- 
former type welder for all applications 
of the “Heliare”’ process, with charts, 
specifications and recommendations for 
automatic control panels, and “Heliare”’ 
spot welder. 


Booklet on Cast-Weld 


Construction 


Valuable data on technical develop- 
ments in the field of cast-weld construc- 
tion, citing numerous examples of impres- 
sive metals conservation, production econ- 
omies, improvements in functional design 
and other engineering gains, is being made 
available in booklet form by the Steel 
Founders’ Society of America. 

Based on detailed technical papers pre- 
sented at the Society's national Technical 
and Operating Conference, the booklet 
comprises a reprint outlining numerous 
practical examples of leading steel foun- 
dries’ effective application of proved cast- 
weld techniques. 

Including 16 illustrations typical of 
product engineering gains discussed in the 
various papers, the text runs to nine pages 
and incorporates detailed information on 
improved cast-weld principles and related 
redesign considerations. 

Copies may be obtained by writing to 
F. Kermit Donaldson, executive vice- 
president, Steel Founders’ Society of 


New Literature 


America, 920 Midland Bidg., Cleveland 
15, Ohio 


New Reynolds Book 


Birth and growth of the second largest 
source of aluminum in the United States is 
outlined in a new book Reynolds Alumi- 
num and the Company That Makes I', 
just issued by Reynolds Metals Co. 

This 48-page, 8'/:- x 1l-in. book also 
contains details on Reynolds production 
facilities, products, fields served and othe: 
information designed to give a clear pic- 
ture of the company and its operations 

Copies of the book are available with- 
out charge. Address your request to 
Reynolds Metals Co., 2500 8. Third St., 
Louisville, Ky. 


Galvanizing (Hot-Dip) 


This book by Heinz Bablik is the third 
edition of a modern study of the metallic 
rust prevention process that has found the 
widest application. 

The author's guiding thought in this, 
as in his other works, is that theory is the 
best guide to practice. Both the practi- 
cal and the theoretical aspects are empha- 
sized in Professor Bablik’s discussions of 
such topics as scale, pickling, fluxes, and 
galvanizing. 

The close connection between theory and 
practice evident in “Galvanizing (Hot- 
Dip)” can be traced to the fact that the 
author, as a lecturer in the Technical Uni- 
versity of Vienna, is on one hand in close 
touch with science, and on the other, is 
manager of his own galvanizing factory. 

Welding is also covered. The book 
consists of 502 pages and is published by 
John Wiley & Sons, Ine., 440 Fourth 
Ave., New York 16, N. Y. Price $10. 
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THAT P&H AC WELDER LOOKS me THAT'S RIGHT, BILl— AND WITH 
GOOD TO ME, JIM. WE CAN . : CONTROL AT THE WORK WE 
GET IT OFF THE FLOOR GET MORE DONE, AND 
—AND HAVE MORE 7 a DO IT BETTER! 


ROOM TO WORK! 


Save floor space, cut welding time 


for more production at lower cost 


use P&H AC Arc Welders with 
exclusive Dial-lectric remote control 


Give yourself more room for your production needs. Mount your P&H i. 
Welder off the floor, out of the way. 
Dial-lectric remote control lets you do this. Your operator can turn 
the heat on at the work, It also cuts down his “walking time” . . . turns it 
into welding time for increased output. 
Besides saving space P&H Dial-lectric control eliminates cores, coils, 


sprockets, gears and other moving parts that cause . é 
Specialized Training excessive maintenance and downtime. t a 
P&H AC Welders are available in a full ; 


Metal Welding 
Fabrication 


1 week to 18 months 


Harnischfeger Welding 


range of sizes up to 625 amps. See your P&H 
representative or distributor for full details 
on how this outstanding welder can save you 
time and money. 


Training School 
WELDING DIVISION 

Milwaukee School 4551 W. National Avenue 4 
of Engineering Milwaukee 14, Wis. ; 


Write to P & H today 
for further details 


HARNISCHFEGER 
CORPORATION 


Welding Division Excavators © Overhead Cranes * Hoists © Arc Welders and 
4551 WEST NATIONAL AVENUE Electrodes * Soil Stabilizer * Crawler and Truck Cranes 
MILWAUKEE 14, WISCONSIN © Diesel Engines © Cane Loaders ® Pre-assembled Houses 


HAR MIS CHREGE 


Avoeust 195] 


WELDING 


prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D. C. 


2,552,873—Curring Torcu—Elmer H. 
Smith, Minneapolis, Minn., assignor 
to Smith Welding Equipment Corp., 
Minneapolis, Minn., a corporation of 
Minnesota. 

This patented cutting torch includes 
a head having an enlarged bore therein 
open at one end and a relatively smaller 
bore axially aligned with the larger bore. 
A spring-pressed tubular sealing element 
is in the smaller bore with one end in com- 
munication with a supply of high-pres- 
sure cutting gas, and a torch tip is pro- 
vided which has a cylindrical end portion 
that is slidably received in the larger bore 
and has a suitable cutting gas passage 
extending lengthwise therethrough and 
in communication with the tubular seal- 
ing element when the tip is secured in the 
torch head. The torch tip also has a 
plurality of preheating fuel passages 
therein and means are provided for de- 
livering fuel gas to the preheating fuel 
passages. A seat is provided at the inlet 
end of the torch tip for engaging the ad- 
jacent end of the tubular sealing element 
to prevent leakage of the high-pressure 
cutting gas into the preheating fuel pass- 
ages when the torch is in operation. 


anv Higu-Tem- 

PERATURE Resistinc Harp ALLoYs oF 

Iron Base—Max Schmidt, 

Kapfenberg, Austria. 

Schmidt's new alloy comprises special 
percentages of carbon, silicon, chromium, 
tungsten and molybdenum. The remain- 
der of the alloy is substantially all cobalt 
and iron, with the iron content amounting 
to at least 35% and not exceeding 80% of 
the total sum of iron and cobalt contents. 


ror WeLpInc— 
Oscar E. Dempsey, Tulsa, Okla., 


assignor to Dempsey Pump Co., Tulsa, 

Okla., a corporation of Oklahoma. 

This special welding windshield is for 
use on pipelines and comprises a plurality 
of segments of duplicate arcuate sections 
adapted to surround the pipe in face-to- 
face relationship. Each of these sections 
may comprise a plurality of segments, 
each of which has a flat portion in substan- 
tial alignment with the longitudinal axis 
of the pipe, and arcuate means connecting 
with and extending outwardly from such 
portion. Pliable rubber means are se- 
cured to each of the sections and are posi- 


778 


tioned in overhanging relation to the outer 
edge of the arcuate part of the segments so 
that such pliable rubber means surround 
the pipes and abut on duplicate rubber 
means on a duplicate arcuate section of the 
windshield. Thus a continuous shield is 
provided around the pipe which shield 
permits ingress through the pipe at any 
circumferential point covered by the 
shield. 


2,553,947—W Jig ror Car 
rrRAMES—Tolbott G. Shipley, St. Louis, 
Mo., assignor to American Car and 
Foundry Co., New York, N. Y., 2 cor- 
poration of New Jersey. 
This patent covers a specialized jig for 
use in assembling freight car underframes. 


Apparatus—Stan- 
ley M. Humphrey, Warren, Ohio, 
assignor to The Taylor-Winfield Corp., 
Warren, Ohio, a corporation of Ohio. 
Humphrey's patent covers welding ap- 
paratus including a capacitor for storing 
welding energy, an a.-c. source and means 
for charging this capacitor from the cur- 
rent source and including a transformer 
having its primary adapted to be con- 
nected to the power source and its second- 
ary connected to the capacitor through a 
rectifier. An inductive welding load cir- 
cuit is also provided and means connect 
the capacitor to this load circuit for dis- 
charge. Other operative means are pro- 
vided so that upon actuation of the means 
for discharging the capacitor, they provide 
a current conductive path in shunt with 
the secondary. Thus during discharge of 
the capacitor, the rectifier and the current 
conductive path provide a unidirectional 
current-carrying path in shunt with the 
capacitor. 


2,554,233—Brazinc ALtoys—Richard E. 
Ballentine, Snyder, and Robert L. 
Zimmer, Akron, N. Y., assignors to 
Westinghouse Electric Corp., East 
Pittsburgh, Pa., a corporation of Penn- 
sylvania. 

This new patented brazing alloy is com- 
posed of 4.5 to 7.5% phosphorus, from 
0.01 to 0.3% beryllium and the balance 
copper. 
2,554,236—Arc-WeELDING TorRcH AND 

Evecrrope—Arthur A. Bernard, Chi- 

eago, Ill. 

Bernard's device relates to an electric 
arc-welding torch which has a head 


Current Welding Patents 


adapted to hold an electrode at a point 
near an exposed end thereof. This head 
has a cooling passage formed in part by 
and surrounding the electrode to carry 
liquid in direct contact with the electrode. 
Means also are present for passing liquid 
through this passage and carrying the 
liquid away from the torch. 


2,554,513—FLame Cutrinc Apparatus 
Clifford F. E. Ward, Inglewood, Calif. 
This patent relates to flame-cutting 
apparatus which includes carrier appa- 
ratus for flexible conduits associated with 
flame-cutting apparatus that is mounted 
for reciprocation parallel to a guideway. 
Special flexible conduits are provided for 
connecting to the carrier apparatus and for 
aiding in the control of movement thereof. 


2,555,017—E.ecrrope HoL_per ror Gas 

Bianketep Evecrric Arc WELDINGS 

Roger W. Tuthill, West Springfield, 

Mass., assigncr to General Electric Co., 

a corporation of New York. 

This electrode holder includes a flexible 
nonresilient metal tubing connected at one 
end for receiving gas and electricity from 
gas and electric conduits as provided. 
The tubing has at least one gas outlet 
formed in the opposite end thereof and a 
silicone rubber sheath encases the tubing. 
Electric conducting electrode gripping 
means are secured to the tubing for retain- 
ing a welding electrode axially extending 
from within the gas outlet end of the tub- 
ing. The silicone rubber sheath consti- 
tutes a deformable protective covering and 
electric insulation for said metal tubing, 
as well as an easily detachable mounting 
for a gas discharge directing nozzle car- 
ried by such rubber member at the gas out- 
let end of the electrode holder. 


2,555,481—ALTERNATING CURRENT 

System—Dean C. Girard, 

San Leandro, Calif., assignor, by mesne 

assignments, to National Cylinder Gas 

Co., a corporation of Delaware. 

The patent relates to an a.-c. are weld- 
ing system wherein a transformer is pro- 
vided with a primary winding connected 
to be variably energized from an a.-c. 
source and a secondary winding connected 
to energize a welding circuit. The welding 
system includes a line contactor for vari- 
ably connecting the primary winding to 
the current source so that a relatively high 
or low open circuit voltage is induced in the 
secondary winding. A control relay is 
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HERE’S HOW TO 


CUT ELECTRODE 


Good Technique and the Right Rod for the Job Reduce Electrode Waste up to 40% 


You can deposit more weld metal, in 
less time and avoid wasting electrodes 
by using approved techniques, the right 
electrode i the job, and by following 
the manufacturer’s recommendations. 
G-E electrodes give you high deposition 
rates, meet AWS specifications, and are 
available in a wide variety of sizes and 


types. 

Get 40 percent more from your elec- 

trodes today by: 

1. Avoiding bending whenever pos- 
sible 

2. Using electrodes down to a 2- 
inch stub 

3. Providing better ‘‘fit-ups’’ 

4. Protecting welding rods through 
better storage and care 

5. Laying flat-face fillets on vertical 
fillet welds 


6. Making fillet legs of equal length 
on horizontal fillets 


Check your horizontal and vertical 
fillet-welds against the illustrations on 
the right. Watch for future hints on 
improved welding techniques. 


Accurate Measurement of 
Weldments Is Easy with this Gage 


Check welds with this corrosion-resisting, stain- 
less steel fillet-weld gage. It is a necessary tool 
for providing @ quick, easy, accurate means of 
geging fillets having either straight, concave, 
er convex contours of the following sizes: 
in., % in., in., in., % in., and 2 in. 
Easy to carry, it comes complete in a leather case. 


Get yours teday from your nearest G-E Welding 
Distributor. He can give you additional hints 
on how to get the most from your electrodes and 
equipment. You can find his name in the yellow 
pages of your telephone directory. Look for 
**General Electric’’ under ‘*Welding Equipment."* 
General Electric Company, Schenectady 5, N. Y. 
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ON VERTICAL FILLETS 


GOOD PRACTICE 


You can prevent this needless waste of 


WASTE 


On vertical fillets, you may be wasting 


as much os 40 percent of your weld electrode by putting into practice one or 


metal. A poor contour, as shown above, more of the following suggestions: 


may be due to one or more of the follow- 


lai 


ded by 


Use 
the electrode manufacturer 


ing conditions: 


Ase Cong too chest e Use as large an electrode as piate 


thickness will aliow, but not larger 
than > inch in diameter 


Electrode too large 

e Forward travel speed too siow 
¢ Excess whipping © Increase travel speed 
© Excessive current. Metal runs out 


e Wrong electrode for the job 


e Change to electrode better suited for 
this type of joint 


ON HORIZONTAL FILLETS 


GOOD PRACTICE 


You can prevent this needless waste of 


WASTE 


On horizontal fillets, you may be wasting 
as much as 30 percent of your weld electrode by putting into practice one or 
metal. A poor contour may be due to more of the following suggestions: 


one or more of the following conditions: 


Hold electrode at proper angle 


Electrode held at wrong angle 
Electrode too small for size of fillet 


Use as large an electrode as possible 


Use welding current recommended by 


Excess current, metal runs down the electrode manufacturer 


Arc length too short, causing overlap 


Increase travel speed 
Forward travel speed too slow 


Use proper electrode for this type of 
© Wrong electrode for this type of joint joint 


— 


provided in a line contactor connected to 
be responsive to the induced voltage and 
be adapted to pick up on application of the 
relatively high open circuit voltage and to 
drop out only on completion of the welding 
circuit and to remain dropped out during 
the maintenance of a welding arc. A time 
delay device is also in the welding appa- 
ratus and is responsive to the picking up 
of a control relay after the welding opera- 
tion ceases and to operate the line contac- 
tor a predetermined time thereafter to 
change the connections of the primary 
winding so that the welding circuit there- 
after is energized with the low open circuit 
voltage. 


Turoar 

Wewper-- William G. Dow, Ann Arbor, 

and Harold C. Early, Beaverton, Mich.. 

assignors to General Motors Corp., 

Detroit, Mich., a corporation of Dela- 

ware. 

This novel portable welder is of light- 
weight construction and it includes a 
heavy load transformer means having pri- 
mary «and secondary windings. These 


windings enclose magnetic core means and 
a secondary output loop connects to the 
secondary winding and includes a load. 
\n inductive ratio reducing means is also 
included in the loop and includes wide flat 
conformed conductors. These conductors 
have a width-to-thickness ratio of at least 
five to one to reduce the inductance of the 
loop so that it will have a value of the order 
of one-third of the secondary winding in- 
ductance. 


2.556.786 Mernop or 
CALLY Severinc Mera. 
Mempers—James L. Anderson, Closter, 
N. J, assignor to Air Reduction Co., 
Inc., a ecrporation of New York. 

This method comprises the steps of heat- 
ing the metal at the cutting zone to kin- 
dling temperature and directing against the 
outer surface of the tube oxygen jets ar- 
ranged in a series around the tube in fixed 
relation to the tube and directed tangen- 
tially toward the tube. The jets are close 
enough together circumferentially so that 
without relative movement between the 
tube and the oxygen jets, a circumferen- 


tially continuous cut is produced having « 
depth at all points sufficient to cause sub- 
stantially complete severance of the tube. 


2,557,046 Metuop or AND SysTeEM Por 
OBTAINING ORIENTED ConTROL IMAGE 
or Wetp Zone tn Seam WELDING 
Apparatus—Sidley O. Evans, Beaver 
Falls, Pa., assignor to The Babcock & 
Wilcox Tube Co., West Payfield, Pa., 
a corporation of Pennsylvania. 

This patent relates to tube forming and 
welding apparatus having a stand of tube 
forming rolls immediately upstream from 
the weld zone and obstructing direct visua! 
observation of the upstream end of the 
weld zone. The patent covers the pro- 
vision of an optical element between the 
weld zone and the stand of tube forming 
rolls and in light receiving relation to the 
upstream end of the weld zone. An image 
of the upstream end of the weld zone is re- 
ceived by this element and 
arranged for direct visual observation by 
an operator of the apparatus. Other 
optical means are arranged to project the 
image from the element onto this screen. 


a screen is 


ANTHONY WAYNE 


LOS ANGELES 


June 1 to June 30, 1951 


Roy, Robert J. (C) 


Woodward, Vineent L. (B) Abbe, Charles FE. (C) PHILADELPHIA 
Talbot, Rav L. (C) 

CHICAGO Thomas, John (C) 
Parson, Robert A. (B) NEW JERSEY PORTLAND 
CLEVELAND Geaari, Zvi (A) Oyler, L. E. (C) 
Howard, James W. (B) NEW YORK ST. LOUIS 


Korenz, Steven F. (B) 


COLUMBUS 

Liptak, James A. (D) 
Siegel, Geoffrey J. (B) 
DAYTON 

James, Henry A. (C) 

DETROIT 


Keller, Donald K. (D) 
Schevo, Botvid A. (C) 


Archer, (B) 
Stubelek, Zvgment (B) 
NORTHERN NEW YORK 


Vandenberg, Stuart R. (C) 
Yates, George (B) 


NORTHWESTERN PA. 
Merz, William F. (C) 
OKLAHOMA CITY 


Barton, Richard 8. (C) 
MeDaniel, John Russell (C) 


Shelton, Forest (C) 
SALT LAKE CITY 
Parker, Earl R. (D) 


SAN FRANCISCO 
Forbes, Wilson R. (C) 


NOT IN SECTIONS 
Barrington, Greig (C) 


Stuart, William R. (D) 


McCoy, Robert H. (B) 


Members 


Reclassified 


During the month of June 
DETROIT 

Sieger, G. N. (B to F) 
LEHIGH VALLEY 

Hill, H. O. (B te F) 
MAHONING VALLEY 
Oehler, Irving A. (B to A 
MILWAUKEE 
Hansen, K. 
NEW YORK 
Arnott, D. (B to F) 


B to F 


Jarpenter, 1W.(C) 
Myers, Charles H. (C) Farmer, F. M. (B to F) 
Ww ade, Newell Ww. (B) Newhaus, Alvin H (B) Ochler, A. G. B to F) 
PEORIA Nil 
LONG BEACH Nilsen, Alfred (D) SYRACUSE 


Wetzel, Richard E. (D) 


‘ ‘ : Rempe, Louis J. (C) 
Forester, Frank HL. (C) Robinson, Robert O. (C) Wheeler, Howard C. (D)j Malvin, Ray C. (C to B) 
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No more grinding edges like 


these on armor plate! 


Now-—the Acetogen Process allows you to flame-cut 


the most difficult bevels on armor plate to exact 


tolerance—and slash the cost of plate-edge 


preparation by many dollars per ton. 


At last, precision flame-cutting of 
armor plate is a reality! Because 
of its startling accuracy, 
versatility, and operating 
characteristics, the Acetogen 
Process drastically slashes 
plate-edge preparation costs! 


YOU SAVE MAN HOURS! Intricate 
bevels and cuts need no longer 
be slowly ground—they can be 
quickly flame-cut to +'16’’ 
tolerance. 


YOU SAVE CAPITAL INVESTMENT! You 
don’t need large, expensive 
grinding machines, or elaborate 
paraphernalia. The Acetogen 
Process utilizes standard, 
readily-available, low-cost 
equipment and tools. 


YOU SAVE TRAINING TIME! Experi- 
enced flame-cutters become 


qualified Acetogen operators 
within a few days. Novices 
learn quicker, too, because 
Acetogen gas is docile, easy to 
use, dependable. 

YOU SAVE FLOOR SPACE! You 
don’t need a whole depart- 
ment devoted to grinding. The 
complete job is done in your 
Acetogen-cutting department. 
YOU SAVE HANDLING COSTS! No 
need to move heavy plates 
from cutter to grinder; 
Acetogen does the job in one 
department, and with little 
moving of plates. 


The most convincing proof 
of these statements comes from 
some of the nation’s top com- 
panies— Henry Disston & Sons, 
Inc.; Baldwin-Lima-Hamilton 
Corporation; Fitzgibbons Boiler 
Co., Inc. These companies 
have continually been amazed 
at the speed, precision, and econ- 
omy of the Acetogen Process. 


Why not put Acetogen to 
work cutting your armor plate? 
We will act either as consult- 
ants, or as sub-contractors 
doing the entire job in your 
plant. We invite your inquiry. 
Acetogen Fabricators, Inc., 822 
Commercial Trust Bldg., 
Philadelphia 2, Pa. 


YOU GET THESE SPECIAL 
BENEFITS ONLY WITH 
THE ACETOGEN PROCESS 


Armor plate of all thicknesses 
flame-cut to + tolerance! 


@ Acetogen-cut plates are ready 
for welding without costly grind- 
ing, finishing, bridging, or beading! 


@ Single- and multi-bevels are as 
easy to flame-cut as square-edges! 


@ Acetogen-cut plates have 
“feather” edges... surfaces have 
sufficiently low Brinell to allow 
machining. 
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A FABRICATORS, INC. Originators of precision flame-cutting 


Bridgeport 


The Bridgeport Section announces 
the election of the following officers and 
committee chairmen for 1951-52: Chair- 
man, G. F. Mulligan, Jr., Fairfield, Conn.:; 
Vice-Chairman, J. E. Creel, Peabody 
Engrg. Corp., Glenbrook, Conn.; Secre- 
tary, W. A. Seymour, Orange, Conn.; 
Treasurer, R. A. Lalli, R. A. Lalli Co., 
Bridgeport 6, Conn.; Chairman, Member- 
ship Committee, A. A. Young, Hamden, 
Conn.; Chairman, Program Committee, 
J. Powers, The Producto Machine Co., 
Bridgepert, Conn.; and Technical Rep- 
resentative, J. R. Skibo, Derby, Conn. 


Chicago 


The Chairman Section announces the 
election of the following officers and 
technical representative: Chairman, A. 
F. Chouinard, National Cylinder Gas 
Co., Chicago; First Vice-Chairman, 1. H. 
Carlson, La Grange, IIL; Second Vice- 
Chairman, Dr. John M. Parks, Armour 
Research Lab., Chicago; Secretary-Treas- 
urer, L. C. Monroe, La Porte, Ind.; and 
Technical Representative, T. B. Jefferson, 
The Welding Engineer, Chicago. 


Cleveland 


Chairman John Austin called a general 
meeting of the 1950-51 Cleveland Section 
management group June 21st at Hotel 
Allerton. This was the kickoff meeting 
of a new year under ‘“‘new management.” 

All matters concerning section activities 
were thoroughly discussed and a successful 
year assured. Particular attention was 
paid to program, membership main- 
tenance and increasing the membership. 

Committee reports indicated that much 
of the executive work on arrangements for 
dinner and meeting facilities had already 
been completed. A start was made on 
specific technical programs. 

The top management for 1950-51, of 
course, are the officers and directors 
comprising the board of directors: John 
B. Austin, Chairman; Frank Flocke, 
First Vice-President; Jack J. Jarms, 
Second Vice-Chairman; Joe F. Wagner, 
Secretary-Treasurer; Cal Wyss, Past- 
Chairman; Ed. T. Scott, Ross Yarrow; 
Harold Blum and J. S. MeKeighan, 
Directors. 

The advisory board consists of M. 8. 
Shane, Chairman; Lew Gilbert, Clayton 
Herrick, C. T. Elder, Robert Kriz and 
Frank Maine. 

The committees are: 


Coffee Program— Ross Yarrow, Chairman: 
Harold Hallstein, Vice-Chairman. 
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prepared by C. M. O'Leary 


Ladies Night—Frank Maine, chairman; 
Nancy Flinta, Vice-Chairman. 

Education and Plant Visitation—John 
McKeighan, chairman; T. L. Dempsey, 
vice-chairman. 

Reception—Otto Bornemann, chairman; 
Ray Metzger, Jr., vice-chairman. 

Nominating—Robert Kriz, chairman. 

Editor—Lew Gilbert, chairman; Herbert 
Hinkel and Charles Berka, vice-chair- 
man. 

Tellers—Cal Wyss, chairman. 

House—Ed. Scott, chairman. 

Finance and Budget—Ed. Scott, chair- 
man. 

Publicity —C. T. Elder, chairman; Charles 
Herbruck, vice-chairman. 

Advertising—Clayton Herrick, chairman. 

Membership—J. Wolfenden, Jr., chair- 
man; W. F. Stewart, vice-chairman. 

Symposium—Jack Jarms, chairman; Bob 
Kriz, vice-chairman. 

A.W.S. Publications—Wayne Durr, chair- 
man. 

Code—Bob Kriz, chairman; 
Blum, vice-chairman. 

Public Relations—Frank Maine, chair- 
man; M. 8. Shane, vice-chairman. 

Program—Robert Henry, chairman. 

Properties—William J. Fauser, chairman, 


Harold 


The Cleveland Section encourages its 
members to volunteer for work assign- 
ments on these committees. The com- 
mittee chairman welcomes such volun- 
teers. A.W.S. has much greater signifi- 
eance to those who are active in section 
affairs. 


Dayton 


The Dayton Section wound up its 
1950-51 season with a picnie on the 
19th of June at the Frigidaire Gun Club 
in Dayton, Ohio. Ninety members and 
guests attended, and an excellent meal 
with fine entertainment made the evening 
completely enjoyable. 

The new officers for the Dayton Section 
were announced at this meeting as 
follows: Chairman, Clarence Shultheis, 
Frigidaire Div., G.M.C.;  Vice-Chair- 
man, Fred Schulmeister, Air Reduction; 
Secretary, Glyn Williams, Hobart Bros.; 
Treasurer, George Theriault, Frigidaire 
Div., G.M.C.; Directors, John Blanken- 
buehler, Robert Bowman, Howard Snyder 
and H. G. Weiler; Programs, Fred Schul- 
meister; Membership Chairman, Robert 
Coburn; Technical Representative, Al 
Mealey, Air Reduction Sales Co. 


Detroit 


On June 13th a special meeting was 
called by the Detroit Section Officers to 


Section Activities 


discuss “Welding of Jet Engine Alloys,” 
in response to numerous requests by 
representatives of Detroit automotive 
companies engaged in the jet engine 
program. The prime mover for this 
special meeting was Walter Garman of 
the General Electrie Co., who procured 
all speakers and made all the necessary 
arrangements. Because of the interest in 
this subject, the turnout was the largest 
for the year with 265 people attending. 

This meeting was set up as a Sym- 
posium-type meeting with each speaker 
allotted 15 minutes to discuss the phase 
of the program with which he was most 
familiar. When al! speakers had finished 
with their comments, the meeting was 
thrown open to a general discussion 
period. Numerous questions were asked 
which demonstrated the keen interest of 
those attending since the discussion 
continued until it was necessary to close 
the building. 

Of particular interest were the remarks 
made by Mr. Parks of Solar who has a 
considerable background of experience in 
this field. One fact was quite obvious, 
that being the lack of answers to some of 
the problems and the absence of applica- 
tions of new processes—such as Heliare 
welding and Sigma welding. This field 
of welding applications will undoubtedly 
be explored for the application of new 
processes to the utmost within the next 
year. If the attendance and _ interest 
displayed at this meeting can be used as 
a criterion, it certainly indicates that 
further meetings on this subject are in 
order. 

In addition to Mr. Parks the speakers 
were M. Olchoff, Plant Equipment, Solar 
Aircraft; K. Koopman, Development 
Dept., Union Carbide Corp., and R. A. 
Pawley, Jet Engine Production, Dodge 
Division. 


Houston 


One hundred twenty-six members and 
guests had a thoroughly enjoyable time 


Left to right 


J. J. Datl, Vice-Chair- 
man, S. C. Hamilton, Chairman, H. 
F. Crick, Secretary-Treasurer 
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at the End-of-the-Year Party held at the 
Grand Prize Brewery on June 22nd at 
Houston, Tex. ‘“‘Mysterious Howard” 
entertained with his magic, card tricks 
and humor, and Bill Palmer and _ his 
famous accordion plaved and sang favorite 
songs and ballads. Sixteen prizes, all the 
way from compacts to Glass Rod and 
Reel, were given away. There were 
three kinds of Bar-B-Que—beef, chicken 
and shrimp with all the trimmings. A 
very good time was had by all. 

Officers elected for the coming season 
were introduced as follows: Chairman, 
8S. C. Hamilton, Chicago Bridge & Iron 
Works; Vice-Chairman, J. J. Dall, Linde 
Air Products Co.; Secretary-Treasurer, H. 
F. Crick, Mosher Steel Co.;: Directors 
(for one year, 1951-52), B. B. Drury, 
H. V. Mosby, Jack Stewart, James Earth- 
man, John 8S. Cook and Peter J. Gurklis; 
(for two years, 1951-53), L. F. Megow, 
J. R. Pratt, H. Pape, W. C. Cox, Roy 
Willbern and Hal Goswell. 


Indiana 


The Indiana Section announces the 
election of the following officers for the 
1951-52 season: Chairman, Arthur F. 
Wood, Indianapolis 18; First Vice- 
Chairman, Alex B. Pollock, Indianapolis 
44; Second Vice-Chairman, Robert Evans, 
Western Electric Co., Indianapolis; Secre- 
tary, Mrs. Mercedes Spotts, P. R. Mallory 
& Co., Inc., Indianapolis; Treasurer, Paul 
F. Grubbs, Indianapolis; Chairman, Mem- 
bership Committee, Robert Evans; Chair- 
man, Program Committee, Alex B. Pollock; 
Technical Representative, Carl Sauer. 


Mahoning Valley 


The following officers have been elected 
by the Mahoning Valley for 1951-52: 
Chairman, O. H. Kuhlike, General Ameri- 
can Transportation Corp., Sharon, Pa.; 
First Vice-Chairman, R. E.  Heltzel, 
Heltzel Steel Form & [ron Co., Warren, 
Ohio; Second Vice-Chairman, H. E. Lyon, 
Westinghouse Electric Corp., Youngs- 
town, Ohio; Secretary-Treasurer, J. H. 
Cordner, Westinghouse Electric Corp., 
Sharon, Pa. 
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{ part of those present at the End-of-the Year Party held on June 22nd at 
Houston, Tex. 


York 


The Northern New York Section an- 
nounces the election of the following 
officers for 1951-52: Chairman, W. J 
Van Nattan, Schenectady 9, N. Y.; 
First Vice-Chairman, S. Herres, Allegheny 
Ludlum Steel Corp., Watervliet, 
Second Vice-Chairman, C. Molenaar, 
General Electric Co., Schenectady, N. Y.; 
Secretary-Treasurer, I W 
Schenectady 8, N. Y. 


Northern New 


Johnson, 


Northwest 


The Northwest Section announces the 
election of the following officers for 
1951-52: Chairman, E. L. Hixson, 
Minneapolis-Moline Co., Minneapolis 1; 
First Vice-Chairman, Warren F. Loge- 
mann, Brown Steel Tank Co., Minne- 
apolis 14; Secretary-Treasurer, Lillian K. 
Polzin, Minneaplis Chamber of Com- 
merce, Minneapolis 3; Chairman, Mem- 
bership Committee, R. T. Schwabe, Ma- 
chinery & Welder Corp., St. Paul 4: 
Chairman, Program Committee, Warren 
F. Logemann: Technical Representative, 
Dr. F. W. Scott, Marquette Mfg. Co., 
Minneapolis 14. 


Vorthwestern Pennsylvania 


The following officers and committee 
chairmen have been elected by the North- 
western Pennsylvania Section for 1951-52: 
Chairman, KE. J. Brown, Erie, Pa.; Vice- 
Chairman, Fred T. Perry, Erie, Pa.: 
Secretary-Treasurer, W. R. Boyd, Boyd 
Welding Co., Erie, Pa.; Chairman, 
Membership Committee, Charles M. Rich- 
ardson, The Lincoln Electric Co., Frank- 
lin, Pa.; Chairman, Program Committee, 
Fred T. Perry; Technical Representative, 


Robert K. Allen. 


Pittsburgh 


The Pittsburgh Section announces the 
election of the following officers for the 
1951-52 season: Chairman, E. H. Tur- 
nock, Pittsburgh 21; Vice-Chairman, Wm 
H. Kauffman, Pittsburgh 19; Secretary- 
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Keeping U. S. Tanks in fighting trim 
takes a lot of 


ALL-STATE 
All-Purpose 


Cutting Electrodes 


This A.C.-D.C. electrode is an impor- 
tant tool in the arsenal which now in- 
cludes so much of American industry. 
It does not require the use of oxygen. 


It is for: 
1. removing welds and rivets 


2. piercing and cutting armor plate, 
iron, cast iron, steel, stainless steel, 
copper, copper alloys, nickel, and 
nickel alloys 


3. gouging and veeing 


4. preparing for welding cast iron 
which is impregnated with grease 
or acid 


And, it gives better results, speed 
and control on many metals than arc 
cutting with oxygen. 


For complete details ask for new 32- 
page booklet. This is a Buyers’ Guide 
to the complete line of ALL-STATE 
Alloys and Fluxes for Welding, Brazing, 
Soldering, Cutting and Tinning. 


A-S DISTRIBUTORS EVERYWHERE 


ALL-STATE 


WELDING ALLOYS CO. INC. 
White Plains, N. Y. 


783 


| 
3 


Treasurer, J. F. Minnotte, Minnotte 
Bros. Co., Pittsburgh 7; Chairman, 
Membership Committee, A. C. Brown, Jr., 
Air Reduction Sales Co.; Chairman, Pro- 
gram Committee, Wm. H. Kauffman. 


Puget Sound 


The following officers have been elected 
by the Puget Sound Section for 1951-52: 
Chairman, Prof. Wm. Snyder, University 
of Washington, Seattle 5; Vice Chair- 
man, R. C. Herman, Seattle Seeretary- 
Treasurer, L. R. Hayward, Air Reduction 
Sales Co., Seattle 4. 


Richmond 


The following officers have been elected 
by the Richmond Section for 1951-52: 
Chairman, A. A. Adcock, Old Dominion 
Iron & Steel Corp., Richmond, Va.; 
First Vice-Chairman, Jack Lough, Rich- 
mond, Va.; Second Vice-Chairman, 
William C. Collier, Collier Bros. Machine 
Works, Riehmond 10: Secretary, W. B. 


Goode, W. B. Goode Co., Richmond, Va.: 
Treasurer, John G. Jones, Richmond. 


Rochester 


The Rochester Section announces the 
election of the following officers for 1951- 
52: Chairman, H. Stoler, Welding Supply 
Co., Rochester, N. Y.; Vice-Chairman, 
G. Stelljes, W. C. Svkes Co., Rochester 6: 
Secretary-T reasurer, W.G. Dick, Rochester 
12, N. Y.; Chairman, Membership Com- 
mittee, G. Stelljes; Chairman, Program 
Committee, C. Martin; Technical Repre- 
sentative, W. G. Dick. 


Salt Lake City 


The following officers have been elected 
by the Salt Lake City Section for 1951-52: 
Chairman, Al Bowecutt; First Vice-Chair- 
man, Al Drake: Second Vice-Chairman, 
C. B. Bartlett; Secretary, Jack Jones, 
Pacific Metals Co. Ltd.; Treasurer, Frank 
Hulbert, Hulbert Bros. 


Western Massachusetts 


The Western Massachusetts Section an- 
nounces the election of the followng 


officers: Chairman, Lee Jaeger, Jaeger 
Welding Supply Co., Springfield 4, Mass. ; 
Vice-Chairman, Victor L. Bissonnette, 
Indian Orchard, Mass.; Secretary, Nor- 
man Randall, Springfield, Mass.; T'reas- 
urer, John De Mareo, Springfield 5; 
Chairman, Program Committee, William 
Trombley; Technical Representative, Car| 
Keyser. 
Wichita 

The Wichita Section announces the elec- 
tion of the following officers for 1951-52: 
Chairman, G. M. Allend, Lampton Weld- 
ing Supply Co., Wichita, Kan.:; First Vice- 
Chairman, H. L. Moberly, Coleman Co., 
Inc., Wichita, Kan.; Second Vice-Chair- 
man, D. E. Hughes, Wichita 6; Secretary, 
0. W. Daniels, Tulsa Testing Lab., 
Wichita 1; Treasurer, W. E. Bush, 
Wichita: Chairman, Membership Com- 
mittee, R. L. Townsend, Tweco Products, 
Ine.: Chairman, Program Committee 
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Effect of Prior Treatment on Precipitation 


of Sigma Phase 


® The effect of heating in the range 1700 to 2300° F. after cold de- 
formation, and of cooling rate therefrom, on the formation of sigma 
phase in 18Cr - 8Ni-Cb and 25Cr - 20Ni stainless steels during subse- 
quent exposure at 1300° F. for up to 7500 hr. is discussed and illustrated 


by G. V. Smith, E. J. Dulis and H. S, Link 


INTRODUCTION 


‘sh increased working temperature of modern 
power plants, e.g., to steam temperatures of 1050 

to 1100° F., the austenitic stainless steels are 

being used increasingly for such applications as 
piping. The introduction of austenitic steel piping has 
brought with it a number of welding problems. Es- 
pecially outstanding in this respect is that of the service- 
ability of welded joints between austenitic and ferritic 
steels. Another problem, not so widely recognized, is 
that of the microstructural changes, especially sigma 
formation, which occur during prolonged exposure at 
elevated temperatures, and of the effect of these on the 
properties. 

Earlier papers from this Laboratory' have reviewed 
the literature dealing with sigma phase in stainless 
steels and presented results of experimental work on 
means of identifying this phase. The present paper 
describes: (1) the effect of heating at 1700, 1900, 2100 
or 2300° F., followed by water-quenching, air-cooling or 
furnace-cooling, on the microstructure and hardness of 
1I8Cr—8Ni-Cb and 25Cr—20Ni steels which previously 
had been cold-drawn some 40%, and (2) the effect of 
these treatments on precipitation of sigma when these 
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materials are subsequently exposed (sigmatized) for up 
to 7500 hr. at 1300° F. 

The effect. on sigma formation of solution treatment 
temperature in the range 1700 to 2300° F., which is 
considerably broader than that commonly employed 
in commercial heat-treating practice, will be of especial 
interest in respect to the behavior of weld heat-affected 
regions. The exposure temperature of 1300° F. is 
somewhat higher than has as yet been employed com- 
mercially for steam pipe service (but not for other ap- 
plications), and for that reason may be expected to an 
approximation to indicate in a relatively short time 
what might happen in considerably longer time at 
lower temperature. It would have been desirable, but 
was not possible, to include a number of other steels. 
The 18Cr—8Ni-Cb steel has been applied to steam pipe 
service; to our knowledge the 25Cr—20Ni steel has not 
yet been so applied, but is of interest in that it seems to 
be the most susceptible to sigma formation of all the 
common austenitic steels. 

The investigation was initiated not only to determine 
the influence of prior treatment on the formation of 
sigma, but also to check the findings of Clark and Free- 
man? who had reported the occurrence of an “unknown 
phase” in similar steels after analogous treatments. 
Since the inception of our program, it has been demon- 
strated’ that the unknown phase reported by Clark and 
Freeman was sigma, a conclusion which is corroborated 
by our results. 
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Fig. 1 Microstructure of steels as cold-worked. Etched in ae acids. X 1000 


In A, B, and C small particles are carbides, large ones are Grain in D, E and F is carbide; stringers 
in E are p presumably delta ferrite partially to in F def. ii shing 
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Table 1 
Nominal Chemical composition, 
type composition Cc Mn ag 8 Si Cu Ni Cr Cb V 
347 18Cr-8Ni-Cb 0.07 1.21 0.014 0.018 0.43 0.02 10.80 17.10 0.89 3 
310 25Cr — 20Ni 0.07 1.81 0.024 0.013 0.53 0.10 22.20 27 .24 oa 0.01 
Degree of cold work 
AISI. Nominal Original Final % Reduction 

type composition diameter, in. diameter, in. in area 

347 18Cr — 8Ni-Cb 1.312 1.005 41.0 

310 25Cr — 20Ni 1.002 0.803 36.0 

MATERIALS AND PROCEDURE cooled or furnace-cooled. A sample representative of 


The steels were received in the form of bars; the 
18Cr—8Ni-Cb steel had been water quenched from 
1975° F., whereas the 25Cr-—20Ni steel had been 
air-cooled after hot-forging. The bars were then 
cold drawn some 35 to 40% to permit the attainment 
of relatively fine grains by low-temperature recrystalli- 
zation, since fine grains had been considered by 
Clark and Freeman? to be conducive to the forma- 
tion of their “unknown phase” (sigma). The chemical 
composition of the steels and degree of cold work 
given each are listed in Table 1. It may be noted 
that the chromium and nickel contents of the 25Cr 
20Ni steel slightly exceed the A.I.S.I. standard limits 
for Type 310. 

The photomicrographs of Fig. 1 illustrate the cold- 
drawn microstructures which are typical of cold-worked 
metal. The grain-boundary carbides in the 25Cr — 20Ni 
steel are presumably a consequence of a relatively slow 
rate of cooling after forging, though possibly of a rela- 
tively low forging temperature, whereas the occasional 
bits of what may be delta ferrite observed in this steel 
in the initial condition, Fig. 1 (e), but not in subse- 
quently treated samples, presumably may be attrib- 
uted to segregation. If ferrite, the quantity was too 
small to affect significantly the magnetic permeability, 
which was 1.0028. 

Bars of each steel were heated in air for 1 hr. at 1700 
1900, 2100 or 2300° F. and either water-quenched, air- 


\ 
a4 
ws 
(A) Hydrochloriec-picric acids (B) AsfA) 4 


Fig.2 Identical fields differently etched. 25Cr-20Ni steel air-cooled from 1700° F., then heated 7500 hr. at 1300° F. 
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: 


ach steel in each of these conditions was then taken, 
and the remainder was heated to 1300° F.; coupons 


were taken after 1000, 3000 and 7500 hr. at this temper- . 


ature. A temperature of 1300° F. was chosen for 
“sigmatizing” because examination of the microstruc- 
ture of specimens of another heat of 18Cr—S8Ni-Cb steel 
after 3000 hr. in a creep test had indicated maximum 
quantity of sigma at this temperature.‘ 

A transverse section of each sample at a location re- 
mote from the surface was metallographically polished 
and examined microscopically, employing etchants 
suggested by a companion study.' The principal etch- 
ants employed were: (1) 
in alcohol, which etched all constituents but did not 
permit differentiation between sigma and 
and (2) hydrochloric and nitric acids in glycerin (gly- 
ceregia), which did permit a differentiation between 
carbide and sigma in the 25Cr—20Ni steel. In this 
steel sigma and carbide could also be differentiated by 
an electrolytic etch in chromic acid. 
sible to differentiate with certainty between carbide 
and sigma in the 18Cr~—8Ni-Cb steel by etching, but the 
form and distribution of the two phases permitted 
reasonably certain identification. The presence of 
sigma was confirmed by x-ray diffraction, as described 
below. 

The rather unusual etching characteristics of 25Cr ~ 
20Ni steel containing both sigma and carbide are worthy 
of illustration. The photomicrographs of Fig. 2 show 


picrie and hydrochloric acids 


carbide; 


It was not pos- 


(C) Chromic acid electrolytically 


x 1000 


alyceregia 
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Prior Austenite 
temperature, Method of grain size, 
Type cooling A.S.T.M. 
347 1700 Water quenched 8 
7 1700 Air-coo! 8 
347 1700 Furnace-cooled 
347 1900 Water-quenched 6-7 
7 1900 Air-cooled 6-7 
347 1900 Furnace-cooled 6-7 
347 2100 Water-quenched ~5 
347 2100 Air-cooled 2-5 
347 2100 Furnace-cooled 2-5 
347 2300 Water-quenched 0-2 
347 2300 Air-cooled 0-2 
347 2300 Furnace-cooled 0-2 
310 1700 Water-quenched 68 
310 1700 Air-cooled ia) 
310 1700 Furnace-cooled j 
Water-quenched 


Air-cooled 


Furnace-cooled 


Water-quenched 


310 2100 Air-coo! 2-00 
310 2100 Furnace-cooled 2-00 
310 2300 Water-quenched 1-000 
310 2300 Air-coo 1-000 

Furnace-cooled 1-000 


Table 2—Grain Size and Hardness* of Steels 


———Diamond pyramid hardness, 20-kg. load———— 


After 1000 After 3000 After 7500 

Initial hr. at 1300° F. hr. at 1300° F. hr. at 1300°F . 
170 175 171 176 
170 173 166 178 
172 183 160 178 
160 152 150 171 
155 153 144 158 
156 147 150 159 
150 161 150 156 
151 152 148 153 
150 147 142 151 
137 180 171 177 
140 170 167 174 
136 149 155 156 
235 274 277 280 
234 272 280 280 
235 269 269 277 


153 165 215 258 
140 147 149 217 
147 169 215 273 
136 159 192 260 
131 140 149 201 


* Hardness of Type 347 samples after cold work, 817 DPH. 


the identical field etched in three different ways. 
Etching with picric-hydrochloric acids in aleohol shows 
that a number of the massive particles, some indicated 
by arrows, have a two-tone appearance. This differ- 
ence is not marked but is reproducible. It should be 
noted also that there is no “phase boundary” between 
the lighter and darker portions of the particles in ques- 
tion. On etching in glyceregia, after first etching in 
picric-hydrochlorie acids in aleohol, however, a bound- 
ary is developed, Fig. 2 (6). Finally, etching electro- 
lytically in chromic acid results in a widely different 
rate of attack on the two parts of the duplex particles, 
Fig. 2 (c). Comparison of the various samples, both 
exposed and unexposed (some of this latter group con- 
taining carbide only) after etching with different rea- 
gents led to the conclusion that the portion of the duplex 
particles which is not rapidly attacked during electro- 
lytic etching in chromic acid is carbide.* 

The identification of sigma under the microscope was 
confirmed in all cases by means of X-ray diffraction pat- 
terns. For this purpose the sigma was selectively con- 
centrated at the surface of the sample either by long 
etching in picric-hydrochloric acids in alcohol (over- 
night, in some cases) or by electrolytic etching in ferric 
chloride solution. In either case the austenite matrix 
was preferentially attacked, leaving behind sigma and 
carbide standing in relief.t Chromium K-alpha radia- 
tion was employed with a recording spectrometer. By 
such a procedure it is possible to confirm the presence of 


* In this respect the carbide of 25Cr — 20Ni steel differs from that in other 
austenitic stainless steels we have examined, wherein carbide is rapidly 
attacked by electrolytic chromic acid etch 


+ The presence of carbide (CraCe), which yields relatively few X-ray 
diffraction lines, did not interfere with the identification of sigma, although 
the many diffraction lines of this latter phase did interfere with the identifica- 
tion of carbide 
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Hardness of Type 310 samples after cold work, 348 DPH. 


Prior Treatment of Stainless Steel 


as little as 1% sigma, as judged by microscopic exam- 
ination. 

Supplementing the microscopic and X-ray diffrac- 
tion examinations, magnetic permeability measure- 
ments confirmed that none of the annealed or “sigma- 
tized’ samples contained ferrite. The initially cold- 
worked 18Cr-—8Ni-Cb steel had a permeability of 1.140 
as a result of some slight transformation of austenite to 
ferrite during cold working. No such transformation 
occurred in the 25Cr — 20Ni steel, but a tiny amount (not 
detected magnetically) of what may be delta ferrite, or 
delta ferrite plus sigma, was observed in the initial mi- 
crostructure as noted earlier. 

Diamond pyramid hardness measurements, recorded 
in Table 2, were made using a 20-kg. load. 


RESULTS AND DISCUSSION 
25Cr - 20Ni Steel—Before Sigmatizing at 1300° F. 


Sigma phase was present in relatively profuse amounts 
in the 25Cr—20Ni steel after heating at 1700° F., as il- 
lustrated in Figs. 3 (a), (b) and (c), in which the micro- 
structural appearance after etching with glyceregia, 
which reveals only the sigma phase, is compared with 
that after etching with picric-hydrochloric acids which 
shows both the sigma and carbide. Rate of cooling 
from 1700° F. has no apparent effect on the microstruc- 
ture. It is worthy of note that although sigma is pres- 
ent in these samples after heating at 1700° F., Clark and 
Freeman? did not mention the occurrence of this phase 
(or of their unknown phase) in similar steel after similar 
heat treatment. 

Both sigma and carbide persist in the samples heated 
at 1900° F., see Figs. 3 (d), (e) and (f), though they are 
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Fig. 4 Effect of temperature of prior treatment and mode of cooling therefrom on the microstructure of 25Cr-20Ni (Type 310) steel after 7500 hr. at 1300° F. 
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not differentiated in these photomicrographs, and in- 
crease slightly in quantity with decrease of cooling rate. 
Since the constitution diagram® of the binary iron-chro- 
mium system shows the sigma phase to be stable only 
below about 1600° F. the occurrence of sigma in 25Cr - 
20Ni steel heated at 1700 and 1900° F. indicates either 
that nickel raises the temperature range of stability of 
sigma, which Bain and Griffiths® have shown to be true, 
or that insufficient time was allowed for complete solu- 
tion of sigma which precipitated during heating. 

This steel is free of sigma after heating at 2100 or 
2300° F., and when water quenched from either tem- 
perature is also free of carbide. Slower cooling from 
either temperature, however, results in precipitation of 
-arbide preferentially at the grain boundaries. 

With increase of heating temperature from 1700 to 
1900° F., the hardness decreased rather abruptly, Fig. 
7 (a), and then more gradually with further increase of 
temperature. The relatively high hardness of the 1700° 
F. samples is attributable principally to the sigma 
phase. At the two highest temperatures the hardness 
was very slightly greater the faster the cooling rate; 
at the lower temperatures cooling rate exerted no influ- 
ence. 


25Cr — 20Ni Steel—After Sigmatizing at 1300° F. 


On heating at 1300° F. for 7500 hr., a profuse quan- 
tity of sigma developed in this steel, amounting to : 
maximum of 30 to 40%. In Fig. 4, the microstructure 
is shown after etching in two ways: in glyceregia, 
which revealed the sigma phase,* and in picric-hydro- 
chloric acids which revealed both sigma and carbide. 
The carbide phase appears to occur both as a relatively 
fine precipitate, which is surprisingly resistant to ag- 
glomeration, and as massive particles (see also Fig. 2 
and associated discussion). The reason for this dif- 
ference is not apparent, although a similar difference is 
often encountered in the spheroidization of low-alloy 
steels. 

With reference to Fig. 4, it is apparent that the quan- 
tity and distribution of sigma phase change somewhat 
with the temperature of prior treatment, and for the 
higher temperatures, with the mode of cooling there- 
from. In specimens treated at 1900° F., the sigma 
shows a duplex distribution with very massive particles 
in association with smaller particles. For prior treat- 
ment at 1700° F. the particle size is uniformly smaller, 
whereas for prior treatment at the two highest tempera- 
tures, the sigma shows increasingly a tendency to a 
Widmanstitten distribution, and especially so for sig- 
matizing times less than 7500 hr., not shown herein. 
With longer time the Widmanstitten structure agglom- 
erates. 

Although accurate measure of the quantity of sigma 
in various samples has not been made, visual estimation 
suggests that there is about the same amount of sigma, 


*In most cases, the carbide also could be faintly seen in outline 
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some 30 to 40%, in the 1700 and 1900° F. samples, and 
that this amount is independent of the cooling rate, 
whereas at the higher temperatures, the quantity of 
sigma is somewhat less and is dependent upon the cool- 
ing rate; in these instances slower cooling rates are as- 
sociated with less sigma. t 

The effect of rate of cooling of samples heated at 2100 
or 2300° F. on precipitation of sigma at 1300° F, was 
even more apparent at the shorter exposure periods, the 
quantity being appreciably less in the more slowly 
cooled specimens. Sigma in these samples was initially 
distributed as thin Widmanstatten plates, which grew in 
thickness and spheroidized with longer time at 1300° F. 
This is reflected in the hardness which are 
plotted in Figs. 7 and 8. Although the hardness of ma- 
terial treated at 1700 or 1900° F. attained a maximum 
in 1000 hr., independent of the prior cooling rate, the 
hardness of material treated at 2100 or 2300° F. in- 
creases more slowly, and especially so the slower the 
prior cooling rate. The hardness of the samples ini- 
tially air-cooled from 2100 or 2300° F. has, after 7500 hr. 
exposure at 1300° F., just attained the maximum de- 
veloped in the 1700 or 1900° F. materials, whereas that 
of material furnace-cooled from 2100 or 2300° F. is still 
increasing after 7500 hr. It is interesting to note that 
all samples of this steel seem to be approaching a com- 
mon hardness of about 270 DPH. The magnitude of 
the hardness changes in this steel, attributable largely 
to sigma, is also noteworthy. The effect of prior fur- 
nace-cooling from a high temperature in retarding sigma 
formation in this steel may be of some practical value. 


results 


18Cr - 8Ni-Cb Steel—Before Sigmatizing 
at 1300° F. 


No sigma phase was observed in any of the samples of 
18Cr —8Ni-Cb steel after the different prior treatments, 
Fig. 5. All of the samples contain large inclusions typi- 
-al of this grade of steel, which we have found by means 
of X-ray diffraction to have the crystal structure of 
CbC or CbN,* which are indistinguishable by the 
means at our disposal. This study will be reported 
separately. Samples previously treated at 1700, 1900 
or 2100° F. also have fine carbides throughout the 
grains, no matter how cooled. 
dissolved by heating to 2300° F. and were retained in 
solution by quenching in water; in the air-cooled, and 
especially in the furnace-cooled samples, however, rela- 
tively massive carbide was rejected preferentially at the 
grain boundaries during cooling. 

As shown in Table 2, the grain size of this steel, as did 
that of the 25Cr—20Ni steel, increased progressively 
with increasing temperature. 


These carbides were 


* It should be pointed out that the columbium of Type 347 steel has al- 
ways contained at least a small proportion of tantalum. Although TaC has 
the same crystal structure and similar unit cell size as CbC and CbN, TaN 
is reported to have a hexagonal structure 


t These conclusions wee drawn from microscopic examination of the 
specimens, and may not be apparent in the photomicographs of Fig. 4, 
owing to the limited field of view and differences between grain interior and 
boundary 
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Fig. 7 a of prior treatment on the hardness of Type 
310 (25Cr=-20Ni) steel after various periods at 1300° F. 
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The hardness of this material decreased with increase 
of temperature, Fig. 9 (a), the relation being approxi- 
mately linear with no significant effect due to cooling 
ate. 


18Cr - 8Ni-Cb Steel—After Sigmatizing at 1300° F. 


All of the 18Cr—S8Ni-Cb samples contained sigma 
after 1000 hr. or longer at 1300° F. The microstruc- 
tures of the various samples after 7500 hr. are shown in 
Fig. 6; the hardness after this, as well as after shorter 
intervals, is given in Table 2 and is plotted in Figs. 9 
and 10. Although X-ray diffraction provided positive 
proof of the presence of sigma, this phase could not be 
differentiated with certainty from the carbide in this 
steel by microscopic means, inasmuch as alkaline ferri- 
cyanide etchant (Murakami’s reagent) fails to etch the 
carbides consistently. There can be little question, 
however, that the massive polyhedral particles in the 
photomicrographs of Fig. 6 are sigma, whereas the fine 
particles, as well as the thin grain boundary phase, are 
largely carbide. On this basis, the quantity of sigma 
appears to decrease somewhat with increasing tempera- 
ture of prior treatment. The maximum amount of 
sigma is estimated to be about 8°%. 


The microstructure of 18Cr—8Ni-Cb steel after 7500 
hr. at 1300° F. was essentially identical for prior treat- 
ment at 1700 or 1900° F., and, as with the 25Cr —-20Ni 
steel, was unaffected by change of cooling rate. With 
further increase of the temperature of prior treatment, 
the sigmatized structure shows a tendency to a Wid- 
manstitten distribution of what is believed to be largely 
sarbide. Examination of the microstructure after the 
earlier exposure periods of 1000 and 3000 hr. revealed 
less massive sigma particles, though probably in equal 
amount, for both the 1700 and 1900° F. prior tempera- 
tures, whereas for the two higher temperatures, the 
quantity of sigma as well as the particle size increased 
with increasing time. 


In contrast to the behavior of the 25Cr-—20Ni steel, 
not all of the 18Cr—8Ni-Cb samples hardened when sub- 
jected to sigmatizing exposure, see Table 2 and Figs. 9 
and10. Only the samples treated at 2300° F. were con- 
sistently harder after exposure at 1300° F. than before. 
The greatest hardness is exhibited by the samples pre- 
viously treated at 1700° F., and heated 1000 hr. at 
1300° F. In several instances, the steel first hardens 
slightly and then softens with further exposure, but 
these slight changes may not be significant. 


The hardness changes are not all clearly reflected in 
the observed microstructural changes, as they were in 
the 25Cr—20Ni steel. This is perhaps attributable to 
the relatively smaller quantity of sigma which is formed. 
Hardness changes resulting from these small amounts of 
sigma may in some instances be modified significantly 
by the solution and rejection of carbide, change in 
grain size, or other factors. 
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GENERAL DISCUSSION 


Although the quantity of sigma phase which may be 
developed in any one austenitic steel of the types studied 
herein is presumably fixed at any temperature level 
when equilibrium is attained, the actual amount occur- 
ring even after 7500 hr., and presumably for much 
longer, may vary within wide limits as a consequence of 
variations in rate of formation depending on prior 
treatment. Thus significant differences in microstruc- 
ture may be expected across the heat-affected regions of 
austenitic welds. The extent to which such differences 
in prior treatment may influence the amount of sigma 
formed within fixed periods of time has been brought 
out strikingly by the behavior of 25Cr—20Ni steel as 
herein reported. 

The conditions which make possible the effects of 
prior treatment are presumably quite conplex and dif- 
ficult to analyze. Among the most important factors 
are probably the distribution, and perhaps composition, 
of the precipitated carbide (or possibly nitride) phase 
and the composition and associated composition gradi- 
ents developed thereby in the matrix. Retention of 
carbide in solution by rapid cooling so that it will sub- 
sequently precipitate during the sigmatizing treatment, 
with a different dispersion, is another aspect of the same 
question. Aside from the effect of concentration dif- 
ferences per se, ‘precipitated particles may be instru- 
mental in nucleating sigma phase. Furthermore, from 
the nucleation standpoint, when, as in many of the in- 
stances shown herein, sigma nucleates preferentially at 
the grain boundaries, grain size may be expected to play 
a role independent of the concentration differences 
which occur in the matrix phase. 


SUMMARY 


The results of the investigation may be summarized 
as follows: 

(A) Effect of heating in the range 1700 to 2300° F. 
and of rate of cooling therefrom after prior cold work: 

1. Both steels completely recrystallized on heating 
at 1700° F. or higher. 

2. The 25Cr-20Ni steel contained a relatively large 
amount, perhaps 10%, of sigma after cooling from 
1700° F., a very slight amount after cooling from 1900° 
F., but none after cooling from higher temperatures, 
Fig. 3. Neither the quantity nor distribution of sigma 
changed significantly with the cooling rate from 1700° 
F., but for the 1900° F. level, slower cooling yielded 
slightly more sigma. No sigma was observed in the 
18Cr-—8Ni-Cb steel after heating at 1700 to 2300° F., 
Fig. 5. 

3. With increase of heating temperature from 1700 
to 2300° F., the carbides in either steel dissolved to an 
increasing extent. These were retained in solution on 
quenching, but again precipitated, preferentially at the 
grain boundaries, on air or furnace cooling. Carbides 
in 25Cr-—20Ni steel completely dissolved at 2100° F. 
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In the 18Cr-—8Ni-Cb steel, particles, found to have the 4. 


Variation in cooling rate after prior treatment at 


crystal structure of CbC or CbN, remained undissolved 1700 or 1900° F. had little, if any, effect on precipita- 
at the highest temperature, whereas small “carbides” tion of sigma at 1300° F. in 25Cr—20Ni steel, but after 


were completely dissolved at this, but not lower, tem- 


perature. 


4. The grain size of each alloy became coarser and 
the hardness decreased as heating temperature increased 
(Table 2), and Figs. 7 (a) and 9 (a). 
20Ni steel heated at 2100 and 2300° F., 
ness was little affected by rate of cooling; in these two 
instances, hardness decreased slightly with slower cool- 


25Cr 


ing. 
(B) Effect of time at 1300° F.: 


1. Regardless of prior treatment, 


prior treatment at 2100 or 2300° F., the amount of 


sigma for any time at 1300° F. decreased directly with 


decrease of the 


Except for the 5. 
the hard- 


cooling rate. This difference was espe- 


cially marked during the early stages of sigmatizing. 

In 18Cr—8Ni-Cb steel, the rate of precipitation 

of sigma at 1300° F. was somewhat slower for prior heat 

treatment at the two highest temperatures 2100 and 
2300° F. than for treatment at 1700 and 1900° F., Fig. 


but differences attributable to cooling rates were 


minor. 


both steels de- 


veloped sigma during exposure at 1300° F., Figs. 4 and 


6. Carbide also precipitated to an extent dependent 


upon the amount retained in solution during prior treat - 


ment. 


2. The maximum amount of sigma observed in the 
20Ni steel was estimated to be 30 to 40%; 
siderably less was noted in the 18Cr—8Ni-Cb steel, 


25Cr 


We wish to acknowledge the help of R. F. 


J. J. Heger of 
con- 


test materials. 


the maximum being 5 to 10%. Correspondingly, the micrography. 
hardness changes were less pronounced in the latter 
steel and were no doubt much more influenced by car- 
bide precipitation and agglomeration. 
3. In 25Cr—20Ni steel previously heated to 1700 or 
1900° F., the quantity of sigma developed at 1300° F. pals, Smith, G. Vi 


appears, from both microscopic and hardness examina- 
tion, to have attained nearly its maximum 
30 to 40°), when sigmatized 1000 hr., the shortest inter- 
After prior treatment at higher tempera- 3 


val studied. 


ture, sigma developed more slowly and was still ine 
The results suggested that 
if sufficient time were allowed, all samples would con- 
tain about the same quantity of sigma, as would be ex- 
pected on the attainment of equilibrium. 


ing in amount at 7500 hr. 
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New 


Research Projects 


More than 5200 engineering research 
projects, representing annual expenditures 
of over $50.5 million, are now active in the 
engineering schools of American colleges 
and universities. 

These figures highlight the 1951 edition 
of the “Review of Current Research,” 
published this week by the Engineering 
College Research Council of the American 
Society for Engineering Education. 

The new book, which outlines the poli- 
cies and activities of engineering research 
in the 91 colleges and universities holding 
membership in E.C.R.C., is the only 
complete guide to the current research con- 
tributions of engineering schools, according 
to Dr. Gerald A. Rosselot, chairman of the 
Research Council and director of the State 
Engineering Experiment Station at the 
Georgia Institute of Technology. 

In addition to complete research project 
titles, the volume shows for each school the 
names of responsible research administra- 
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tive officers, a brief digest of policies which 
govern research projects and contracts at 
each institution, the number of personnel 
engaged in research activities, the annual 
expenditures and special conferences and 
short interest to research 
workers. 

The research projects listed, according 
to Dr. Rosselot, represent the work of more 
than 11,500 faculty, graduate students and 
research engineers. 

“The obvious result of these strong pro- 
grams,” Dr. Rosselot said in announcing 
the new volume, “is an ever-increasing 
flow of new basic information in the engi- 
neering sciences. Equally important, how- 
ever,”’ he emphasized, “‘is the contribution 
of this research in fulfilling the educational 
responsibilities of scientific and engineer- 
ing schools. 

“In a time of national need, this catalog 
of educational research is significant evi- 
dence of scientific and technological re- 


courses of 


sources, and it offers excellent assurance 
that we are 


laving the foundations for 
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maintaining this strength in 
come.”” 

All institutions holding membership in 
the Engineering College Research Council 
are represented in the new publication, 
according to Dr. Rosselot. E.C.R.C 
membership is restricted to schools with 
accredited engineering curricula and ex- 
tensive research activities in the engineer- 
ing sciences; a total of 91 institutions are 
now active. 

The new volume, the Research Council 
believes, should be a useful guide to the 
effective research activities and capacity in 
American engineering colleges and univer- 
sities. Its listings of projects and person- 
nel are complete as of Mar. 1, 1951. A 
complete index of research project sub- 
jects, including over 4000 entries, facili- 
tates use of the 250-page book. 

Copies of the publication, at $2.25 each, 
may be obtained from the Secretary of the 
Engineering College Research Council, at 
Room 7-204, 77 Massachusetts Ave., 
Cambridge 39, Mass. 
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‘onnections for Welded Continuous Portal Frames 


Progress Report No. 4: Part II—“Theoretical Analysis of 


29 * 


Straight Knees 


® Theoretical analysis for straight knees of a rigid frame struc- 
ture forming the basis for comparing experimental results 


with theory. 


by Lynn S. Beedle, A. A. 
Topractsoglou and Bruce 
G. Johnston 


Foreword 


Part I of this report appeared in the 
July 1951 issue of Welding Research Sup- 
plement. It included a presentation of test 
results for 15 welded corner connections of 
various types and a discussion of knee re- 
quirements. 

Part II, presented here, contains the 
theoretical analysis for straight knees, 
forming the basis for a comparison of ex- 
perimental results with theory. Stresses, 
rotations and deflections are considered. 

Part III of this Progress Report No. 4 
will appear in a later issue of Tue We.p- 
ING JOURNAL and will include the discus- 
sion of test results and the conclusions 


I. ELASTIC ANALYSIS 
BLEICH?t has proposed approxi- 


mate methods for stress analysis and 
design of square knees. He assumes 
that for square knees: “‘ 
of the length of the restraining arm to its 


. where the ratio 


depth is equal to or larger than one, the 
Navier theory yields sufficiently accurate 
results and one may determine the fiber 
stresses and shear stresses according to the 
conventional theory.” By “restraining 


Lynn S. Beedle is Assistant to the Director, Fritz 
Engineering Laboratory. A. A. Topractsoglou 
is Assistant Professor of Civil Engineering with 
the University of Texas; formerly, Instructor at 
Lehigh University. Bruce G. Johnston was 
formerly Director of Fritz Engineering Labora 
tory, now Professor of Structural Engineering 
it the University of Michigan 


* This work has been carried out as a part of 
an investigation sponsored jointly by the Welding 
Research Council and the Department of the 
Navy with funds furnished by the following 
American Institute of Steel Construction, Ameri- 

olumn Research 
Council (Advisory), arch, Lehigh 
University, Office of Naval Research (Contract 
No. 39303), Bureau of Ships and Bureau of Yards 
and Docks 


t Superior numbers indicate reference numbers 
listed in Part 
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arm” is meant the arm AD, which acts to 
restrain the girder, Fig. 58. t 

In the rolled section adjacent to the 
knee (at section AD) it has also been as- 
sumed that the ordinary beam theory 
applies for predicting stresses and deforma- 
tions 


1. Stress Analysis of Straight Knees* 
Without Diagonal Stiffeners 


a) Identical Rolled Shapes 


Consider connection type 7, shown in 
Fig. 59 (a). The stresses in the knee 
1BCD are found by making the following 
assumptions: 

1. The bending moment at the section 
AD is carried entirely by the flanges. In 
the knee shown, M, = V(L — (d/2)) and 
the portion of the flange force, F, due to 
bending is given by 


* The terms “square” and ‘straight’ are both 
used to designate a connection in which the girder 
and column rolled sections are joined at right 
angles without the use of additional haunch or 
bracket material 


t Figure numbers continue the same sequence 
commenced in Part 


Stresses rotations and deflections are considered 


The designation M, will be used through- 
out this report to indicate the moment at 
the end of the rolled section and beginning 
of the knee, whether it be straight, curved 
or haunched. My, is then used to denote 
the “haunch’”’ moment or moment at the 
intersection of the neutral lines of the 
girder and column. In the above expres- 
sion the remaining terms are defined by 
Fig. 59. 

2. Shearing force, V, is taken by the 
web and is uniformly distributed. 

3. The normal force, N, is considered} 
It is assumed to act at the flanges, howe 
ever, as shown in Fig. 60. 

4. The flange force varies linearly be 
tween D and C, with maximum at D ang 
zero at C. 

5. Stress concentrations are not com 
sidered. 

6. Restraint due to bending of inde 
vidual flange elements is neglected 

Fig. 59 (c) shows the forces acting on the 
knee. Taking into account the above 
assumptions, the forces and stresses al 
applied to the flange element as shown @ 
Fig. 61 (a). Stresses on the web are inde 
cated in Fig. 61 (6 Subscripts o andi 
outside” and “inside” 
Neglecting the 


represent 
or stresses, respectiv ely 


Mag. 


Knee 


Fig. 58 
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Moment Diagram 
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Flange Forces and 
Bending Stresses 


issumed moment, forces and stresses on typical straight knee 
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Fig. 59 Loading, forces and shear stress on Type 7 connection 


Flange Force due 
to Moment 


Actual Distribution 
of Normal Force 


Assumed Distribution 
of Normal Force 


eb and noting that NV = V, the outside 
nge force is given by 
M. WN 
= d 
d 


= V(7 -1) 


the inside flange, 
M,,V_V(L—d/2) , V 


F; 


F, 


d 


Computing the shear stresses r on the web 


panel, 
Ae (; 7 1) 


where Aw = area of the web; and 


Ae As 


= 


Fig. 60 Distribution of normal force 


Thus 
%T = 


The stress distributions in the various 
elements are as follows: 


{ 


{ 
{ 


Fi 
(a) Forces and Stresses (6b) Stresses on Web 
on Flanges 


Fig. 61 Loading on flanges and on 
web 


1. The knee web is loaded in pure shear 
(Fig. 61 (6).) 

2. The stresses in the flanges forming 
the knee are distributed as shown in Fig. 
62 (a), where the ordinate represents the 
mean normal stress in the flange cross 
section. Tensile stresses are plotted ex- 
ternal to the knee. 

3. To the right of section AD, the 
stresses are given by Fig. 62 (b). 

The stress distributions shown in Fig. 
63 correspond to those of Fig. 62 (b) 
except that they are computed on the 
basis of ordinary beam theory. Compar- 
ing the resulting stresses at section AD for 
a connection with 14WF30 members indi- 
cates a difference of about 8% which will 
be neglected. 

The theoretical stresses may be com- 
pared to experimentally determined values 
on the basis of either load or moment 
The latter will be used hereafter. 

From the point of view of balanced de- 


Fig. 63 Distribution of stress in 

girder flanges and shear stress dis- 

tribution at section AD according to 
conventional beam theory 


(b) 


Fig. 62 Assumed stress distribution in flanges and web 
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sign the shear stress at point H of Fig. 61 
should reach the yield value at the same 
external bending moment at which point 
A reaches the yield point in combined 
bending and direct stress. (Actual com- 
bined stresses will be higher elsewhere, but 
for engineering purposes it is considered 
that examination of the separate stresses 
at these two points is adequate.) 

The stress patterns at other places in 
the connections were measured and a 
later paper will present the results as com- 
pared with the theoretically predicted 
values. 

It is of importance that yielding due to 
shear force does not occur in unstiffened 
knee webs below the flexural yield load. 
Such yielding may cause large deforma- 
tions. Conventional design neglects the 
possibility of such shear deformation and 
it is not practical to attempt to take it into 
account in routine deformation computa- 
tions. Therefore, the investigation of 
yielding in an unstiffened knee web is de- 
sirable. 

Given the square knee loaded as de- 
scribed previously, the problem is to find 
the moment under which yielding due to 
shear force occurs in the web. 

According to the assumptions used 
herein, shear stresses in the knee web are 
uniform along horizontal sections. The 
actual bending stresses at section DA 
cause maximum shearing stresses to occur 
near the center of the knee web, decreasing 
toward the flanges. This maximum value 
is somewhat greater than the average uni- 
form value, but this increase is neglected 
for the time being. 

The following values will be substituted 
into Equation 1: 

Ay = (d)(w) 


and 


Thus 


M, d 


Since the normal stresses are negligible at 
the center of the knee, a state of pure shear 
may be assumed, and 

Ff 
Thus the web yields when the maximum 
shear stress equals 


oy 
2 


in which ¢, = lower yield-point stress of 
web material as determined in a simple 
tension test. Thus from Equation 2, sub- 
stituting for r the value o,/2, 

_aoywd? 
2(1 — d/L) 
where M7) is the moment at which yield- 
ing occurs due to shear force in the web 
(point H, Fig. 61 ()). 


Mur) = (3) 


* The maximum shear stress theory is con- 
servative. More accurately. by the octahedral 
shear stress theory, ry = 0.578¢y. 
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Table 1—Comparison of Yield Strengths Due to Shear Marr) Macy 
and Due to Flexure for Various Rolled Shapes Mie) Mie) 
Section Ss w A (L/d = 6.0) (L = Ly) 


(1) 2) (3) (5) (6) (7) 
14WF30 41.80 0.270 3.90 8.81 0.726 0.693 
8B13 9.88 0.230 8.00 3.83 0.867 0.822 
21WFS82 168.00 0.499 20.86 24.10 0.754 ; 
6B12 7.24 0.230 6.00 3.53 0. 666 
24WF110 274.40 0.510 24.16 32.36 0.633 
SWF31 27.40 0.288 8.00 9.12 0.395 0.364 

The stress at point A, Fig. 61 (a), is given I d 
by Mier) wd? 2L | 
Mu. N M. Mie) 2 S iL 
L 


Since 
M, = VL 
and 
M, = M,(1 — (d/2L)) 
then 


1 — (d/2L) l 
wf it) 


1 — (d/2L) 1 
( )+az 


in which Ma) is the moment at the 
haunch when yielding occurs due to flexure 
and direct stress at the critical section DA. 

Ii the ratio Ma:r)/Mnare) is formed, it 
will be possible to determine whether a 
connection fabricated of a particular rolled 
shape will yield in the web (shear) or in 
the rolled shape (flexure). So long as the 
ratio is greater than 1.0, yielding due to 
shear force within the knee should not 
occur. 

Then from Equations 3 and 4 


Mie (4) 


oywd? 
Mur) _ —d/L) 2L 1 
Mure) Cy AL 
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| 
‘ol Fol 


L 


M, 4, 


Foo Mo Fie 


(a) 


Fig. 64 Knee joining dissimilar rolled shapes; indicated are forces and shear 


(5) 


Some commonly available rolled sections 
have been investigated using Equation 5 
and the results are given in Table 1. 


The calculation shows that “shear 
yielding” will usually occur prior to yield- 
ing in flexure (based on a constant L/d 
ratio of 6.0). An alternate basis for com- 
parison would be obtained if the value 
“L,”’ were selected such that Ld/bit = 
600. . .a limiting case for lateral buckling. 
Three examples were selected and the re- 
sulting ratio is shown in Column 7. The 
same general trend is observed, the ratio 
being particularly low for the 8WF31 
“column” section. 


(b) Stress Analysis Dissimilar Rolled 


Shapes (d; # dz) 


Reference is made to Fig. 64 and the 
assumptions stated earlier. It will be 
further assumed that d. < d,;. The sub- 
scripts 1 and 2 refer to members | and 2. 


Then 


Tol 


Ti2 


(b) 


stresses 
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_ ves | 
| 4 
| 
= = P 


Ma 
Fa = 2 
dy 
v(z -$ 
Fae - at (6) 
Also 


2 
j — d,) 
Similarly, 


V (d, + ds) 
Pa = - 


Fy = 


Vv — d,) 
Fa = 2 
Since 
r= F 
A. 
Fa (d, + de) 
saa” 2 ] 


Fa —V (d, dy) 
] 
Vv Vv [1 _ + 

wd, 2 


[z _ (di 
wd, wdd, L~ 2 


Fe —V V + (d,—d; 


wd, 2 


wd, 2 


All the 7’s are equal and the web, 
neglecting small bending effects, is in a 
state of pure shear, 


Vv (dy + de) 
Then 


(dy + ds) 


T= 


An examination of initial yield in the 
web due to shear force and in the flange 
due to bending, now follows. Member 
“2” is smaller than member “1” and 
flexural yield will occur first at point A on 
section AB in Fig. 64. Yielding due to 
shear force occurs when 


Therefore, from Equation 10, 


wider 1 7° 
2 [ara] (11) 
2L 
At point A, from Equation 4, 


1—d,/2L 
a] 


* It is evident from this expression that the 
member with the thickest web should be made 
continuous into the knee so that the greater 
thickness of web will assist in carrying the shear 
force. 
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cy 
(1 —d/2L) 1 (12) 


Mine) = 


Applying Expressions 11 and 12 to con- 
nection test P (Type 7 knee using 8WF31 
and 14WF30 shapes) and using the dimen- 
sions and properties determined from the 
specimens, 


= 724 in.-kips. 
Mue) = 1140 in.-kips. 


(The magnitude of M,;,) is plotted as a 
horizontal line in Fig. 19, Part I.) 
The ratio of the two moments is 


Mair 724 


= 0.619 
Bus” 


Comparing this result with the calculations 
of Table 1, it is evident that the worst case 
is that in which the two section depths are 
not equal (compare 0.726 with 0.619). 
Earlier in this report it was assumed 
that the shear stress was uniformly dis- 
tributed across the web. However, ac- 
cording to F. Bleich’s original assumption, 
shear stresses would be distributed in 
parabolic form. Thus, 


= (13) 


Tmax 
where the subscripts, , denote dimensions 
in the knee, Q, is the static moment of 
one-half the cross section and w, is the 
web thickness. Since, from Fig. 64 


Ve = Pa 
then from equations 6, 9 and 13 


Tmax.~ (14) 


Tav 
Using the dimensions for test connection 
P, 

1.15 
or the maximum shear at point H is 15% 
greater than the average value computed 
according to Equation 9. The more ac- 
curate predicted value for M,;,) is then, 

724 
1.15 
Better agreement with the experimentally- 
determined value is obtained as is evident 
from Fig. 19, Part I. The previous ex- 
pressions for “‘shear’’ yielding could all be 
modified by an appropriate factor Q,d,//,. 
However, since this would have the effect 
of decreasing the ratio Mniz)/Maie) in 
Table 1, which values are already less than 
unity, the modification only lends further 
emphasis to the necessity for additional 
stiffening to prevent undesirable shear 
deformation. 

The analysis presented above can at 
best only be considered as approximate. 
First of all the boundary conditions are 
not exactly as assumed. When the flanges 
are thick in proportion to the depth of the 
section they provide additional restraint 
which will enable the knee to carry more 
load before yielding due to shear force 
commences, 


Mur) = = 630 in.-kips. 


Secondly, residual stress is built up in 
the knee due to welding of the stiffeners. 
Presumably this alone would cause yielding 
to occur at a lower load than predicted. 


2. Rotation Analysis 


The knee rotation is made up of two 
parts: (1) Rotation due to shear, desig- 
nated as 7, and (2) rotation due to bend- 
ing designated as 8. Since a comparison 
is to be made later with experimentally-de- 
termined values there is a third component 
to be considered: (3) Rotation due to 
bending of the rolled section over the 
length, r, between the knee and point of 
rotation measurement, designated as @, 

Therefore, the total knee rotation is 


(15) 
(a) Type 7* Connection with Identical 
Members (d; = d:) 


The assumptions of the first section will 
be used. From Fig. 59 (6) and Equation 2, 
the rotation due to shear is, 


= 7/G 
Mi d 


y: = shear rotation of Type 7 connec 
tion. 
G = modulus of elasticity in shear 


where 


The rotation due to bending moment 
may be determined from the elongations or 
contractions of the flanges. As stated 
earlier, it is assumed that the web carries 
all the shear force and the flange elements 
carry the direct stresses. 

The flange stresses were shown in Fig 
62 (a). Depending on the boundary con- 
ditions assumed, the flanges will deform 
into one of the patterns shown in Fig. 65. 

In Fig. 65 (a), the tension flanges BC 
and elongate, but the shortening 
the compression flange is not considered 
In this case 8 = 20,. In Fig. 65 (6), the ex- 
tension and shortening of all four flanges is 
considered according to the assumed stress 
distribution of Fig. 62; then 8 = 2%. In 
both Figs. 65 (a) and (b) point A does not 
shift with respect to point C since the rota- 
tion resulting from such motion is included 
in the shear deformation determined from 
Equation 16. 

Since all of the extensions and contrac- 
tions are smal] quantities, the angle @, wil! 
very nearly equal %. It will be assumed 
80; because of its simplicity, the deforma- 
tion pattern of Fig. 65 (a) will also be as- 
sumed throughout this report. 

Let 5 be the extension of the tension 
flanges BC and CD due to the average 
flange stress o;/2. Then 

od 
* Designation of connection types was estal- 


lished in Part I, Fig. 4; straight connections in 
cluded in the test program are shown in Fig. 8 
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(a) 
Fig. 65 Assumed knee deformations for members of equal depth 


d 2E 


The total bending rotation at the knee is 


a: 


8 = 20. = 5, 
E 


Neglecting the influence of direct stress, 


d d 


Ar = flange area. 
t = flange thickness. 


The rotation, ¢-, due to flexure of the 
rolled section over lengths r is given by 


2 


M, d 
= 2r— ( ) (1S 
El 2L 
Then the total rotation from Equation 15 
is given by a summation of the values de- 
termined from equations 16, 17 and 18, or 


0, = (y1 + Br + or) 


My d 
; i) 4 2Elr 


d ) i + 
2L) ‘ El 
d d 
d\, 
(1 ar) (19 
El 


Since the test program did not include : 
Type 7 connection with identical members 
the calculation will not be carried further. 
(b) Type 7 Connection with Dissimilar 


Members (d, # dz) 
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The rolled section rotations are computed 


identical for the two members, 


This theoretical moment-angle change re- 


issumed knee deformations 
for members of unequal depth 


From Equation 10, 


Fig. 66 shows the flange deformations 
(corresponding with Fig. 65) which are the 
basis for computing the bending rotations. 


Connections for Portal Frames 


from 


S 


M, 1 d, 
2L 

] 
on = st) 


Assuming the r-distances and H-values 


Or = On Or2 


d 
2L 


(29 


Combining Equations 20, 21 and 22, the 
total rotation of a Type 7 connection with 


dissimilar members is given by 


6, = { + 
(d, +d 
2L 
a= wd 
d d, 
1B | \ 


/ d, 
E | I I \ 
Computing the total rotation for connec- 
tion P, 


6, = (y7 + Br Or) 


6; = (2.440 + L171 + 0.777) 


rad 
= 4.339 M, rad 


lationship is plotted with the experimental! 
values in Fig. 19, Part I. The relative 
magnitude of the components 7, By and 
@ may be seen in the calculation above 
and it will be noted that the shear com- 
ponent is the largest. 


(c) Connections with Diagonal Stiffeners 


I. Type 2 Connections. Rotations due 
to shear in the square knee ABCD rein- 
forced with diagonal stiffeners (Fig. 67) 
will be found by making the following 
assumptions: 

(a) The thrust of the two compressive 
forces V_L/d is taken by the stiffeners at 
point A, The necessity for the designa- 
tion, Vz, will be described later. 

(6) The stress in the diagonal stiffener 
varies linearly from a maximum at A to 
zero at C. It was assumed earlier that the 
force, F,, was transmitted uniformly to 
the web along the length CD (Fig. 67). A 
portion of this shear, then, is transmitted 
to the stiffener in proportion to the length 
of web intercepted by it. 

(c) Stress concentrations are disre- 
garded. 

From assumption (6) it follows that the 
stiffener stresses cause uniform shear, r,, in 
the web of the knée, See Fig. 67 (b 

The moment required to deform a Type 


2 connection in shear consists of two parts: 


(a) The moment necessary to shorten the 


| 
| Or 4 
8 
Ms 2L) , 
I 
4 
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| 8, 
_ 4 
d 
4 
where 
(20 
From Fig. 66 : 
By =O + O 
1 Since 4 
and 
: or) 
then 
[doon dior 
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Fig. 67 Loading, forces and deformation in Type 2 connection 


diagonal stiffener, and (b) that required to 
deform the web. Thus the presence of a 
diagonal reduces the shear stress in the 
web but a portion of the flange force is 
transmitted by the web without assistance 
from the diagonal stiffener. 

The total contraction in the diagonal 
stiffener, Aly, is determined from 


ez = Aly 
Vv 2d 
and 
oa d 
4k, = VaE 
where 


oa = stress at point A, Fig. 67. 

A, = area of diagonal stiffener. 


oA 


and the subscripts a relate to the moment 
associated with contraction of the stiff- 
ener. Then 


Mia 
AL, = A.E 


Consider the action of the web with the 
stiffener removed. Due to shearing forces 
this web will take the shape ABC’D’, Fig. 
67 (c). The following relations are then 
obtained: 

=d 

BC’ = dsin y, 

C"A = dl — 2) 
where y: = the shearing strain in Type 2 
connections. The change in length Al, 
along the diagonal line AC is given by 
4L, = CA = 

dvy2 — Vd + — 

The second term may be expanded as a 
series, and neglecting terms of higher de- 
gree, 


(24) 


ya 


= 
v2 


(25) 


402-s 


Since this change in length must be equal 

to the contraction in the stiffener, then 
AL, = Al, 

and from equations 24 and 25, 
Mie _ 


v2 
v2 
In considering the second of the two 
moments mentioned above, it will be re- 
membered that Equation 2 was developed 
for a square knee with vertical stiffener 
extensions of the inner beam and column 
flanges as sketched in Fig. 59. Such verti- 
cal stiffeners are not present in Type 2 
connections. However, the web material 
will act somewhat in the same capacity. 
Assuming the same conditions as were used 
in developing Equation 2, 


wd*G ¥2 


(26) 


Mn = 


Mu = (i -4) an 
Since 
Ms = Mis + Mw 
Then, 
wd? Ad 
G+ | (28) 
L 


from which 7: may be obtained. 
The rotation 8; due to bending of a Type 
2 connection is determined directly from 
Equation 17. Similarly, the equation for 
rotation ¢, is identical with Equation 18. 
Thus, 
6, = y2 + Bs + or 


as determined from expressions 17, 18 and 
28. For a connection of this type joining 
8B13 rolled sections (test connection A), 


62 = (2.50 + 4,00 + 1.45) X 10-*M, rad. 
6. = 7.95 X 10-*M, rad. 


II, Type 8B Connections (Vertical and 
Diagonal Stiffeners). For the Type 8B 
connections with both vertical and 
diagonal stiffeners there appears to be less 
basis for an assumption regarding the 
transmission of flange forces, F;, by the 
diagonal stiffeners. 

It will be assumed, instead, that the 
diagonal acts as if it increased the web 
area and was distributed uniformly over 
it. From Equation 2, 


d 
wa. ad 
where 
A,’ = the effective area of the web, 
As + A,’. 
A,’ = equivalent stiffener area. 
Ay = 
b, = total width of stiffener. 


stiffener thickness. 


ty 


The bending rotation, 83g, and rolled- 
section rotations, ¢,, are computed from 
equations 17 and 18. Thus, 


= + + or) 


For connection L tested in the experi- 
mental program using an 8B13 section, 
from equations 17, 18 and 29, 
On = (2.51 + 4.00 + 1.45) X 
10-* M, rad. 
= 7.96 X My rad. 


This relationship is plotted in Fig. 22, 
Part I, as a dot-dash line. 

It will be observed that this value is the 
same as that determined for the Type 2 
connection. Although computed on the 
basis of different assumptions, the calcula- 
tion of rotation due to shear gave prac- 
tically identical results. 


(d) “Eq Length” Daina. Analysis 

In Section II, Part I, “Requirements for 
Connections,” it was mentioned that on 
the basis of minimum requirements the 
knee should be as stiff as an equivalent 
length of the rolled sections joined. Several 
“equivalent lengths” are shown in Fig. 7 
(see Part I). 

As is evident from the previous deriva- 
tions, the calculation of elastic deforma- 
tions by the simplest methods involves 
many assumptions. Another point to 
consider is that such calculations probably 
are not part of a routine office procedure. 
Further, calculations of deformation and 
moment distribution are based on the im- 
plied assumption that the knee is “‘rigid”’ 
at the point of intersection of neutral 
lines but that the rest of the knee behaves 
as if it were part of the beam or column 
(Fig. 54, Part I). Thus, a calculation of 
the type now to be described is of impor- 
tance, 


I. Identical Members. It will first be 
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ferring to Fig. 59a, 
Mav = Mas = M, = M, 


Then 
oa = 
where 
¢ = unit rotation, M,/EI. 
Then 
(d + 2r) (30) 


For the 8B13 rolled shape used in the ex- 
perimental! investigation, for an “‘r’’ dis- 
tance of 1 in., 
oa = 7.06 X 10~* My rad. 

This relationship is plotted in Fig. 22, 
Part I. 

II. Dissimilar Members (di; # 
Following the same procedure as in the 
previous section and referring to Fig. 66. 


oa = Ba + or 
Mn 3) Mn (4) 
= Fr, (3 + \2 


, “(1 ~ 
_Ms  4(1- 


(31) 


Evaluating 8, for connection P and add- 
ing the value ¢, determined from Equation 


oa = 3.053 X 10-* My rad. 
This elastic relationship is plotted in Fig. 
19, Part I. 
The deflection relationship in the elastic 
range will be discussed in the next section 
as a part of the plastic analysis. 


II. PLASTIC ANALYSIS 


Yielding due to flexure alone will be dis- 
cussed in this section. Thus only connec- 
tions which do not yield due to shear force 
within the knee web will be considered. 
Although in the experimental program 
plastic deformation due to shear force 
occurred in one knee, it is recommended 
that means be taken in design to prevent 
such failure. It will be assumed, then, 
that the knee area behaves as if it were a 
part of the beam and column. 

The basis of the plastic deformation re- 
lationships is the moment angle-change 
curve, often referred to as the M-# curve. 
Methods for computing this function in 
the early plastic region were described by 
Luxion and Johnston. The importance 
of the strain-hardening range and methods 
of computing the M-¢ curve in this region 
have also been described and will be 
treated in a paper to be published in Tue 
WELDING JOURNAL.* 


* Paper based on dissertation by C. H. Yang, 


Lehigh University, 1951. 
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assumed that the moment is uniform along 
the knee length to be considered. Re- 


“The Plastic Behavior of Continuous Beams,” 


In Fig. 68 the theoretical and experi- 
mental M-@ relationships are shown, the 
calculations being extended into the strain- 
hardening range. In these computations 
the results of coupon tests have been used, 
due account being taken for difference in 
material properties between the web and 
the flange. The upper yield point has been 
disregarded. The experimental curve has 
been obtained from the test of a simply 
supported beam, loaded at the third 
points. 

By way of summary, the equations for 
computing some of the critical points on 
the complete M-¢ curve are as follows: 

1. Initial Yield 

M, = oyrS 
E 

2. Yielding Penetrated to Bottom of 

Flange Fillet 


M; = + oyr(Z — 


(32.1) 


(32.2) 
3. Complete Plasticity (“Plastic 
Hinge’) 
M; = 


oyr(Z — + oywZ2 = My) 
= (neglecting strain-hardening) 


= 779(considering strain-hardening) 


(32.3) 
4. Strain-Hardening Penetrated to 
Bottom of Flange Fillet 


(32.4) 


5. Strain-Hardening Penetrated to a 
Depth Corresponding to an Extreme Fiber 
Stress Equal to 1.30, 


M,= Mp + 
(3 
[7 (z | (32.5) 
3 


Ys 
In the above expressions, 
= wy:" 
Y2 = distance from neutral axis to bot- 
tom of fillet 


d 


2(1 + 
Ce, 

Zs = w(ys)’. 

The influence of axial load (neglected 
entirely in the discussion) is to cause a re- 
duction in the moment-carrying capacity 
as predicted by the simple plastic theory. 
This has been described by Baker® and 
also in Progress Report 2.7 As seen there, 
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Fig. 68 Moment-curvature relationship (including strain-hardening) for 8B13 
beam loaded at the third points 
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axial load does not reduce significantly the 
ultimate load-carrying capacity until the 
ratio of axial load to the buckling load ex- 
ceeds about 0.10. Consequently, its in- 
fluence will be neglected entirely. Such a 
ratio is not unusual in frames of the portal 
type 


Rotation 


In an earlier part of this report, on the 
basis of equivalent length of the rolled 
section, an expression for elastic rotation 
was developed (Equation 30). This was 
derived from 


oa = 


If it is assumed, as implied in the above 
expression, that the moment is uniform 
along the equivalent length being con- 
sidered, then the M-@ curve (Fig. 68) in 
the plastic and strain-hardening ranges 
may be used. The unit rotations deter- 
mined from Fig. 68 (Equations 32) are 
merely multiplied by the equivalent length 
AL. It is only necessary to correct the 
moment values by the ratio M,/M,, since 
the data of Fig. 68 corresponds to the 
moment M,. 

The results of this computation have 
been plotted in Fig. 22, Part I, being indi- 
cated by the dotted line. The length over 
which the rotation was calculated has been 
assumed equal to the equivalent length of 
connection L. According to the above 
assumptions, strain-hardening would not 
commence until the rotation reached 
0.044 radians, a value not within the range 
of the abscissa. 

According to Fig. 62 (a) it is evident 
that flange stresses decrease toward the 
outermost end of each stiffener. Thus, so 
far as the stiffeners are concerned, large 
deformations would not be expected when 
the beam reaches the flexural yield point. 

If it were assumed that no inelastic rota- 
tion occurred within the knee, the M-@, 
relationship would be as shown by the dot- 
dash line in Fig. 69 (@4 = @AL = ¢d). 

Above M, and in the region of Mp addi- 
tional inelastic rotations would merely 
take place in the rolled section, the M-, 
relationship of which is given by the dotted 
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Fig. 69 Moment-curvature relation- 
ship based on equivalent length 
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Fig. 70 Moment-curvature relation- 
ship (equivalent length) for connec- 
tion with dissimilar bers 


curve (¢4 = o = @ X 2r). Thus the 
M-¢, curve of the complete connection is 
given by a summation of abscissas to give 
the solid curve. 

The results of such a computation are 
also plotted in Fig. 22, Part I, as a dashed 
line. 

The same summation of incremental 

¢-values could be used in case the two 
members were dissimilar. By this method 
an M-o, curve could be obtained as shown 
diagrammatically in Fig. 70. Using the 
dimensions of test connection P, similar to 
Fig. 66, @, for the 14WF30 shape would be 
computed on the basis that AL = d:/2 
+r; AL for the second member would be 
(d,/2) + rm. Sinee yield occurred in con- 
nection P at a low load due to shear force, 
this flexural calculation will not be carried 
further in this report. 


2. Deflection 


A number of methods for computing de- 
flections beyond the elastic limit have been 
described in the dissertation previously 
mentioned and are to be the subject of a 
later paper. Only the simplest of the 
methods has been used here and the result- 
ing moment-deflection relationship is 
plotted in Fig. 23, Part I. The curve is 
computed according to the equations given 
below. Referring to Fig. 71, 

6 = + &) (33) 
where 

6. = deflection of the cantilever beam. 

6, = additional deflection due to rota- 

tion of one-half of the knee 
computed about the intersec- 
tion of the neutral lines of the 
members. 

6 = deflection along the line of load P. 


From Fig. 72, 
+ + (34) 


where 


Fig. 71 Connection loading and de- 
flection curve 


Mr=Ma 


¥3 
Fig. 72 Cantilever beam deflection 


ifl M,x* 


2 (34.1) 


Ma 


2) 


I the above expressions, 


Mp 
z =L (1 
6. = slope at x (Fig. 72) 


= scrum, Me 


2BZ(M,—Mp)| (34.2) 


The value 4» is given from 
1 
& = XL (35) 


where ¢, is the rotation in the knee and is 
determined from the modified M-¢ curve 
of Fig. 73 which is the basis for this par- 
ticular method. The “equivalent length” 


concept is used. For 0 < M, < M, 
(35.1) 


and for Mp < M,; <1.3M),, 
M, — BZ|d 
oa = [ CT iF (35.2) 
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= Intercept on the stress axis of the ( = static moment of cross section 
Mp a, conten - strain-hardening modulus line from outer fiber to neutral axis. 
ob Ne og extended r = distance from end of knee to point 
b = flange width. of rotation measurement. 
C = strain-hardening modulus, do/de. S = section modulus, //c 
d = section depth. t = flange thickness 
4% E = Young’s modulus V = vertical shear force 
aL F = flange force. w = web thickness 
Fig. 73° Assumed and “exact”? mo- f = shape factor, M,/My. Z plastic modulus; the statie mo- 
ment-curvature relationship G = modulus of elasticity in shear. ment of the entire cross section 
I = moment of inertia. about its neutral axis. 
L = length of connection leg measured 8 = rotation in connection due to bend- 
As is characteristic of this method for from load point to knee center. ing. 
computing the load-deflection relationship Ly = length corresponding to Ld/bt = y = rotation in connection due to 
the discrepancy between theory and ex- 600. shear 
perimental results is the greatest in the AL equivalent length of connection. 6 = deflection 
early plastic region. This lack of agree- Mn» = moment at intersection of neutral = unit strain; subscript s denotes 
ment is probably accentuated in these tests lines of girder and column, unit strain when strain-harden- 
by shear deformation, a portion of which is termed “haunch’” moment. ing commences 
inelastic. Subscripts 7 and denote = rotation. 
Note: The “Discussion of Test Results” moments at which yielding @ = bending stress; o, = lower yield- 
and “Summary” is to be included in Part occurs due to shear force and point stress; subscripts F and 
III of this report to appear in a later issue flexure, respectively. W refer to flange and web; 
of Tue Wetpinc Journat. Vv, = full plastic moment, often termed 
pression and tension 
the “plastic hinge’? moment. 
shear stress 
NOMENCLATURE M, = connection moment at junction of @ = rotation per unit length 
rolled beam and knee. PA rotation determined on the basis of 
1 = Area of cross section; Aw» denotes WV, = moment which the flexural equivalent length 
web area, and A, the diagonal yield-point stress is reached. @, = rotation (bending) in rolled section 
stiffener area V = normal force adjacent to knee 


Temperature of Steel Plates 


Discussion by W. J. Harris, Jr.. J. A. 
Rinebolt and Richard Raring 


Tér, Stout and Johnston have made an interesting 
analysis of the linear relationship between reduction of 
area in a tensile test and transition temperature meas- 
ured by various notch bend and impact tests. How- 
ever, in view of scatter it is necessary to question 
whether or not such a relationship can be applied to the 
prediction of transition temperature as suggested by 
the authors. 

It has recently been shown! for pearlitic steels of 
identical composition and heat treatment that 95% of 
the transition temperatures (average energy definiton) 
determined with approximately 300 Charpy V-notch 
specimens fall in a band 26.8° F. wide. From redue- 
tion of area measurements, it should be possible to 
predict transition temperature within approximately 
27° of 95°; of the time, if the relationship is to be useful 


W. J. Harris, Jr., J. A. Rinebolt and Richard Raring are connected with the 
Ferrous Allovs Branch, Metallurgy Div , Naval Research Lab., Washington 
D.C 


Paper on this subject by S. S. Tér, R. D. Stout and B. G. Johnston was pu! 
lished in the September 1950 issue of the Welding Research Supplemen 
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Room Temperature Tensile Tests as an 


Index of Transition 


A number of data exist which can be analyzed for 
scatter. Figure 1, which is Fig. 6 of the paper by Tor, 
Stout and Johnston, shows the scatter band drawn in 
the original figure as well as a band drawn for purposes 
of this discussion to include 95°, of the points. At 
constant reduction of area this latter band has a width 
of 115° F. 

Since Tor, Stout and Johnston based their work on 
two steels in which properties were varied by deforma- 
tion and subsequent heat treatment it is interesting to 
compare their conclusions with results of a study® in 
which transition temperature and reduction of area 
were varied by changes in steel composition at essen- 
tially constant microstructure. This study was made 
on approximately 85 steels in which 13 alloying ele- 
ments were added one at a time, in increasing amounts 
to a base analysis. Figure 2 shows the relationship 
between transition temperature based on the average 
energy definition and reduction of area of bars pulled 
at room temperature, and Fig. 3 shows transition tem- 
perature based on the 15 ft.-lb. definition plotted in the 
same manner. The bands containing 95° of the points 
are approximately 185° F 


wide at constant reduction 


Transition Temperature Tests 105-s 


; 


bility of using reduction of area as a 
measure of transition temperature for 


T 
ASTM STEELS 


of steels in which only one alloying 


element is varied. Bands drawn to 


include 95% of the points of each of 
the 4 series of steels were found to 


8 
fr 
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have the scatter listed in Table 1. 
Even for relatively simple changes in 
composition, the bands are wide. 
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All comparisons to this point have 


been made at constant reduction of 


area. Figure 3 shows that reduction of 
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Half Moximum Energy Tronsition Temperoture °F 


area values for 15 very similar steels are 
subject to an unavoidable fluctuation 


of 5%. Taking this into account the 


scatter in the TT-RA relationship of 
Figs. 1, 2 and 3 is increased to the 


50 58 66 
Reduction of Areo % 


Fig. 1. Relation between reduction of area and half maximum energy 


transition temperature 


values shown in Table 2. 


The suggestions were included by 
Tér, Stout and Johnston after study 
of the work of Williams and Ellinger® 


that Charpy V-notch transition tem- 
perature taken at a specified energy 


8 


level might be used to determine lowest 
temperature of safe operation for that 
steel. If such a relationship ever could 
be established it would undoubtedly 
exhibit scatter which, when added to 


the scatter of 180 to 220° F. given in 
Table 2, would certainly introduce too 


Average Energy Transition Temperoture (°F) 


great an uncertainty in the prediction 
of minimum safe operating tempera- 
ture from reduction of area. 


It is necessary to take these com- 
ments into account in the course of 


evaluating the conclusion of Mr. 
Boardman that “reduction in cross- 
sectional area during the tensile test 


| 
26 34 42 50 58 66 74 
Reduction of Area % 


+200 


temperature 


of area. The central rectangle of Fig. 3 includes 15 
steels of nearly identical composition and heat treat- 
ment and probably represents the limits of unavoidable 
scatter, which amount to 25° F. in transition tempera- 
ture and 5% in reduction of area. 

It has been assumed thus far in this discussion that 
the relationship between transition temperature and 
reduction of area is independent of the composition of 
the steel. Figure 4 indicates that such an assumption 
is probably incorrect since carbon shifts transition tem- 
perature less rapidly for a unit change in reduction of 
area than manganese, phosphorus or silicon. Scatter 
in the relationship under discussion is probably in- 
creased by including steels of widely differing composi- 
tion in the same figure. 

The data of Fig. 4 can be used to explore the possi- 
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Fig. 2. Relation between reduction of area and average energy transition 
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” ye could, if properly interpreted, be used 


to determine transition temperatures,” 
since Mr. Boardman’s remarks are 


Table 1—Width of Scatter Bands of Transition Tempera- 
ture for Series of Steels in Which One Element Is Varied 


W idth of scatter 
Element varied band, ° F. 
Carbon 50 
Manganese 7 
Phosphorus 95 
Silicon 120 


Table 2—Width of Scatter Bands of Transition Tempera- 
ture Taking Scatter in Reduction of Area into Account 


Definition of transition W idth of scatter 
temperature band, ° F. 
50% max. energy (Fig. 1) 190 
Average energy (Fig. 2) 225 
15 ft.-lb. (Fig. 3) 240 
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based on the findings of Messrs. Tor, 
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tiating the general relation between 
tensile ductility and transition tem- 
perature suggested in the paper. The 
authors agree fully that the usefulness 
of the relation is limited severely by the 
wide scatter of results. It is not always 
. appreciated that a substantial portion 
es eee ——- - of the scatter may originate from varia- 
| tions in the material itself. It may be 
possible to refine the method by taking 
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Evaluating Notch Toughness 


Discussion by E. M. MacCutcheon, R. H. Lambert, J. E. Walker and R. D. Schmidtman 


We congratulate the authors for preparing such a 
comprehensive and throught-provoking paper. It is 
reassuring to know that the brittle fracture problem is 
receiving the earnest attention of the steel manufac- 
turers and to see the subject broached in open discus- 
sion by steel metallurgists. The paper summarizes 
and presents in graphic form a considerable amount of 
data which has heretofore been available only in scat- 
tered reports. We hope that this sort of philosophical 
discussion and speculation can be carried on until 
agreement is reached regarding the factors and influ- 
ences which should be considered in setting up a suit- 
able standard for the acceptance of steel for merchant 
ship hull construction. 

The paper by Messrs. Vanderbeck and Gensamer 
presents theories which are not universally accepted 
and which are in some respects contrary to the theories 
on which the research program of the Ship Structure 
Committee is constructed. We have pooled our ideas 
in the hope of suggesting other channels of thought on 
the subject of notch toughness. 

We appreciate the problems attendant on major 
changes in steel manufacturing procedures but naturally 
look at the question of steel quality primarily from the 
consumers viewpoint. Acceptability standards based 
on service-simulated performance tests are naturally 
more appealing to the consumer. For this reason, it is 
worth while to make a further review of available data 
and point out areas where the consumer viewpoint 
leads to a contrary interpretation on a number of items 
covered in the paper. 

Before embarking upon a discussion of the points in 
the paper, clarification is necessary as to the emphasis 
which should be placed upon the inception of a crack as 
against its propagation. Obviously, it is desirable to 
avoid the occurrence of cracks entirely, and this has 
been done to a large extent by improvements in design, 
materials and fabrication. In spite of the great. strides 
which have been made in this direction, it is clearly un- 
realistic to assume that cracks will not start in ships 
hulls. A ship entirely devoid of incipient cracks does 

not appear to be a practical possibility in the foreseeable 
E. M. MacCutcheon, R. H. Lambert and J. E. Walker are connected with 


the evens of Ships, Dept. of Navy Schmidtman is connected with 

the U. 8. Coast Guard Members of Ship Structure Subcommittee 
Nore: The opinions and conclusions in this discussion are those of the 

authors and not necessarily those of the Navy Department, the 8S. Coast 

Guard nor the Ship Structure Committee 

Paper by R. W. Vanderbeck and M. Gensamer was published in the Research 

Supplement to the January 1950 Jovrnan, pp. 37-5 to 
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future. For this reason, it is necessary to use material 
which will resist the propagation of cracks. 

A wide flat plate specimen is certainly not a ship, but 
when a sharp crack is once formed and starts to extend 
in the testing of such a specimen, it is reasonable to as- 
sume that the specimen will simulate the behavior of a 
plate in a ship which is being traversed by a crack. 

Evidence from the tests shows that the fractures of 
the slotted plate specimens are the same as those in the 
ships hull. First, the thickness reductions which have 
been measured at the fractured edge of the slotted plate 
specimen for the cleavage failures are within the same 
range i.e., 1 to 3%, as those measured on the edges of 
fractures in ships hulls. Second, the appearance of the 
fracture surface is the same. Thickness reductions near 
the starting points of the fractures in the slotted plates 
are considerably higher as they include plastic deforma 
tion occurring before the fracture commences. This 
portion of the plastic deformation is not important to 
the comparison with shipboard failures because the 
conditions prevailing at the starting points are quite 
different. 

One of the missing links in this problem is the energy 
required to strain the plate and propagate the fracture 
which occurs in a ship’s hull. Recently, however we 
have obtained a rough idea of the magnitude of en- 
ergy required to propagate the crack. Figure 1 is a 
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curve indicating the frequency with which various de- 
grees of thickness reduction occurred at the fractured 
edges of plates removed from ships which had suffered 
casualties. These data are based upon 44 measure- 
ments made by the National Bureau of Standards and 
reported by Williams and Ellinger.* Figure 1 indi- 
cates that service failures involving thickness reduction 
of 4% have occurred. Recent studies at Swarthmore 
College coupled with the other test results from slotted 
plates show a relation between the thickness reduction 
at the fractured edge and the energy required to propa- 
gate the fracture in medium carbon steel. This rela- 
tion is shown in Fig. 2. In the lower left-hand corner 
of Fig. 2 there is a shaded region called 
a “brittle fracture zone,” based upon 
the possibility of having fractures in- 
volving thickness reductions as high as 
4%. It will be seen that the energy 
absorbed may be as high as 4 in. ksi. 
The authors have proposed and de- 
veloped the thesis that the transition 
temperature as indicated by a large 
decrease in absorbed energy or by the 
change in fracture appearance on the 
wide centrally notched specimen, is 
not a true index of the behavior of the 


steel in a structure such as a ship. 
They point instead to the occurrence of 
a second transition at a lower tempera- 
ture. They have labeled this lower 
ductility 


transition temperature the 
transition.” 
A lower transition temperature ap- 
parently exists for certain types of tests. 
* Progress Summary on Investigation of Fractured 
Steel Plates Removed from Welded Ships,’’ Morgar 


L. Williams and George A. Ellinger, National Bureau 
of Standards, Ships Structure Committee NBS-1 
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This has been reaffirmed recently at the Naval Research 
Laboratoryt by using lower tup energies in Charpy 
V-notch impact tests. Test results below the transition 
for the 12-in.-wide specimen are not numerous enough 
to define a second transition. In structural grades of 
steel the energy absorption by the 12-in.-wide specimen 
drops immediately to less than 10% of higher values in 
passing through the transition temperature range. 
Whether the remaining 5 or 6% energy disappears 
gradually or suddenly as the temperature is further 
reduced cannot be determined from the available data. 
However this appears to be inconsequential matter in 
so far as crack propagation is concerned. 

We question the nomenclature at this point because 
the term “ductility transition” does not fit the circum- 
stance very well. In many combinations of steels and 
test specimens it appears that the energy drop-off at 
the lower transition may be relatively small. If it is 
small for most tests which characterize crack propaga- 
tion, then it is difficult to accept the name “ductility 
transition” for this phenomenon. 

As an explanation of the occurrence of the so-called 
“ductility transition” the authors call attention to the 
occurrence of appreciable plastic strain at the root of the 
machined notch in slotted test specimens or other types, 
and to the appearance of a thumbnail pattern of shear 
failure. These phenomena occur at temperatures just 
below the “fracture” transition temperature but it 
should be pointed out that they do not occur in many 
instances. The recent series of steels at the David 
Taylor Model Basin* failed to reveal a thumbnail pat- 
tern in any of the 11 steels tested with the 12-in.-wide 
specimen. The authors leave the reader with the defi- 

* “Transition Temperature of Ship Plate in Notch-Tensile Tests,” E. M, 


MacCutcheon, C. L. Pittiglio and R. H. Raring, David Taylor Model 
Basin Report 709 and Welding Research Supplement, April 1950 


+ Private communication 
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nite impression that there is a relation between the sec- 
ond transition and the thumbnail shear pattern at the 
edge of the notch. Evidently this is not a universal re- 
lation. Figure 3 shows the sections of three bar speci- 
mens of the tensile edge notch type tested at the David 
Taylor Model Basin. This steel exhibited a gradual 
dropping off in ductility over a wide range of tempera- 
ture below the upper transition. The figure makes it 
clear that relation between the fracture appearance and 
the thickness reduction is not linear. 

At some point we must stop and take stock. As en- 
gineers we must seek interim solutions. The AT hy- 
pothesis offers such a solution. AT is the arithmetic 
mean of the differences between transition tempera- 
tures of each steel as determined by two different meth- 
ods. The relation is simple and has been established for 
several test methods. A dispersion of results occurs 
which promises the existence of a more complicated re- 
lationship. It may take years to establish the correct 
relationship. Meanwhile the AT hypothesis offers a 
tool for comparison because the dispersion of the rela- 
tion appears acceptable within a given grade of steel. 
The AT hypothesis is assumed implicitly by Vander- 
beck and Gensamer and it is the foundation of the dis- 
cussion which follows. 
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Figure 4 shows a hypothetical energy transition tem- 
perature curve for an infinitely wide ship plate. From 
tests on centrally slotted plates 12 to 72 in. in width it 
has been observed that the entire transition range lies 
within a very short zone, usually only 5 or 6° F. but 
seldom more than 20° F., and that the zone appears to 
become narrower as the plate becomes wider. A typi- 
cal curve for a 12-in.-wide specimen is also shown in Fig. 
4. The maximum energy level required to propagate 
cleavage fractures of the type observed on the ships is 
indicated in Fig. 4 along with a brittle fracture zone 
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ENERGY TRANSITION TEMP. 
FOR 12-INCH-WIDE SPECIMEN 
Figure 5 


terminating at the point where this line crosses the 
transition curve for the infinite plate. 

The lower limb of the curve for the 12-in.-wide plate, 
and presumably that of the infinitely wide plate, fall 
down well into the brittle fracture zone. The danger 
level is at 4 or 5 in. ksi., whereas the lower limbs of both 
curves of energy to propagate drop below 1 in. ksi. quite 
promptly. 

The criterion which has been used generally for transi- 
tion temperature in the Ship Structure Committee pro- 
gram has been a 50% point on the energy curve for the 
12-in.-wide plate (Fig. 4) and it has been found that this 
point for an infinitely wide plate would lie about 10° F. 
or less above the point for the 12-in.-wide plate. It can 
be seen that the maximum value of departure be- 
tween the edge of the danger zone for a wide plate 
and the usually reported criterion is less than 10° 
F. It would appear that the 50° maximum energy 
value is a suitable criterion for the comparison of steels 
and furthermore there is a good correlation between 
this criterion and the 50% fracture appearance crite- 
rion. 

It is believed firmly that any notch test and corre- 
sponding criterion which correlates well with the data 
from the 12-in.-wide slotted specimen will be a suitable 
criterion of comparison for steels of different types 
within the structural range. 

Having selected a suitable test, it then becomes nec- 
essary to suggest a standard for acceptance of steel. It 
is fairly clear that it would be desirable to eliminate 
steel similar to that which has fractured in shipboard 
service and this gives us a clue’as to the range of steels 
which are undesirable. Figure 5 shows the transitions 
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which were obtained in testing specimens from five 
fractured plates from the Tanker Ponaganset and one 
from the Liberty Ship Pierre S. Dupont. These plates 
were tested using the 12-in.-wide slotted specimen. 
Figure 6 is a similar chart based upon results of tests by 
the National Bureau of Standards in which a great 
number of V-notch Charpy transition curves were run. 
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Figure 7 


At the other end of the range, we may say that any 
steel which will not produce a brittle cleavage fracture 
when used in the worst shipboard component and at a 
temperature equal to the iowest operating condition is 
a safe steel. An extensive survey of ship operating 
conditions for the Liberty Ship indicated that the tem- 
perature of operation seldom drops below 0° F. for the 
upper structure and never below about 28° F. for the 
bottom structure. The region of safe steels is indicated 
in Fig. 7 where the dividing line is 0°. A severe ship- 
board geometry was the original Liberty Ship hatch 
corner. This square hatch corner involved a superposi- 
tioning of notches in three mutually perpendicular 
planes. In addition there was a weld system which in- 
tersected at the same point and in such a fashion that a 
severe cavity existed at the critical location. This ge- 
ometry was the starting point of many fractures. In 
fact, it was so severe that it is generally conceded to be 
about the worst geometry that could ever be expected in 
a ship design. For this reason it was tested using some 
of the project steels which had already been tested in 
the 12-in.-wide slotted plate specimen. Figure 8 is a 
comparison for the two steels in the structural range 
which were tested using both the hatch type specimen 
and the 12-in.-wide specimen. It will be noted that for 
Steel B, the transition temperature difference is 30° 
and for Steel C, it is 50° F. The average temperature 
difference between the 12-in.-wide specimen and the 
hatch corner is 40° on the basis of Fig. 8. 


FOR 12-INCH- WIDE SPECIMEN 


c 
so 
Cc 
FOR LIseRry SHIP HATCH CORNER SPECIMEN 
35 140 CF= 


Fig. 8 Energy transition temperature 


Discussion 


Aveust 1951 


QUESTIONABLE 
STEELS STEELS PEEL 
7, yy 
T T T e 
-40 +40 


ENERGY TRANSITION TEMP. 
FOR 12-INCH -WIDE SPECIMEN 


Figure 9 


Tests on some dozen or so steels have indicated that 
a rough relation exists also between the V-notch Charpy 
bar and the 12-in.-wide specimen, and that the V-notch 
Charpy has a transition temperature of approximately 
20° F. below that of the 12-in.-wide specimen. This is 
the so called AT hypothesis which has been mentioned 
as being satisfactory for comparing groups of steels 
within a grade. 

Using the two above-mentioned relations between 
different types of specimens, it is possible to combine the 
data from Figs. 5, 6, 7 and 8 into Fig. 9 where the two 
zones are shown. On the left are the safe steels at 
transition temperatures below —40; on the right are 
the unsafe steels at transition temperatures above +40, 
and in the middle a questionable zone. If all steels pro- 
duced had transition temperatures which fell in the 
zone to the left, practically no structural failures would 
occur in ship hulls; whereas, if all the steel production 
fell in the zone to the right, we would have a structural 
failure problem equal to or greater than that which oc- 
curred on the Liberty Ship and T-2 tankers during and 
since World War II. 

Figure 10 shows a curve running from +120 to —50° 
F. which represents the effectiveness of performance 
standards using the 12-in.-wide specimen. The curve 
shown involves two assumptions: first, that the range 
of notch toughness of the steel supplied corresponds to 
that produced during World War II and second, that 
the ship operating conditions are similar. 

If the above-assumed conditions prevail and if the ac- 
ceptance standard is established at a level equivalent to 
transition of the 12-in.-wide specimen at +120° F., 
then none of the steel would be rejected and the likeli- 
hood of fractures would remain unchanged. On the 
other hand if the standard were equivalent to the 12- 
in.-wide specimen at —50° F., fractures would not be 
expected even at Liberty hatch corners. Of course 
there would be no acceptable steel at the lower end. An 
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intermediate point would be selected for a specification 
standard if steel quality remained unchanged, and a 
practical percentage of rejection would be anticipated. 

The ultimate selection of a performance standard will 
depend of course on other factors, such as the degree to 
which it appears feasible to improve mill techniques and 
thereby provide a plentiful supply of notch-resistant 
steel, the question of supply and demand both in war 
and in peace, and the consequent cost. These factors 
will probably be compared with a curve such as that 
shown in Fig. 10 when the ultimate selection of perform- 
ance standard is made. 

Elsewhere in the paper it is indicated that the operat- 
ing stresses in the ships hulls are reported as being low, 
and therefore, it is deduced that the stress concentra- 
tion aboard ship is more severe than in the wide plate 
tests. This deduction is erroneous because increasing 
the width of the plated structure reduces the nominal 
stress required to start fracture and even for the slotted 
plate specimens nominal failure stress values as low as 
28,000 psi. have been reached. In addition, it should be 
pointed out that the operating stresses reported are 
nominal values obtained by dividing a bending moment 
by the section modulus of the hull girder. This does 
not give the total stress value because the actual stress 
present is made up of stresses from a variety of sources 
in addition to the static or wave bending moment and 
in most cases only the static moment due to cargo load 
distribution was reported. Stresses from load distribu- 
tion, wave bending moment, vibration, temperature 
differential and locked-in stresses due to fabrication 
must be added and multiplied by a concentration factor 
to obtain the total stress at any location in the ship’s 
hull; and this will be much higher than the nominal 
stress reported. Preliminary estimates have shown 
that this combined stressing is easily capable of provid- 
ing the stress level and the potential energy for cracking 
but this is a probability study of considerable complex- 
ity. 

The foregoing discussion of the paper may be sum- 
marized as follows: 

1. Higher energy absorption is believed to be in- 
volved in brittle fracture propagation in ship plate than 
was supposed by the authors. The lower (so-called 
“ductility”’) transition temperature is not significant in 
12-in.-wide plate tests, nor in shipboard fracture propa- 
gation. Considerable data in the form of comparative 
thickness reduction measurements in plates from frac- 
tured ships and from laboratory tests of 12-in.-wide 
specimens appear to support these conclusions. 

2. The 12-in.-wide slotted plate is a suitable basis for 
notch sensitivity comparisons. 

3. Stresses in ship hulls are sufficiently high to initi- 
ate cracks and to supply the potential elastic energy re- 
quired for their propagation. 


Authors’ Closure 


The line of reasoning used by Mr. MacCutcheon and 
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the other discussers of our paper is quite different from 
ours, and these divergent ways of viewing the brittle 
fracture problem should therefore be examined further. 

Figure 9, which summarizes many of the conclusions 
reached by the discussers, is based upon three premises: 


1. That the energy transition temperature (the frac- 
ture transition temperature in this case) as 
evaluated by hatch corner tests truly indicates 
the critical temperature for safe service per- 
formance. 

2. That the temperature at 15 ft.-lb. on the Charpy 
V-notch curve also indicates the critical tem- 
perature for safe or unsafe service performance 
as the case may be. 

3. That the so-called AT hypothesis may be used to 
convert the results obtained with the above 
specimens to results obtained with 12-in.-wide 
plate specimens. 


Accordingly, they subtracted 40° F. (difference be- 
tween hatch corner and 12-in.-wide specimen) from 0 
F. (the minimum temperature usually experienced in 
service) and found the maximum safe transition tem- 
perature (—40° F.) for steels by the 12-in.-wide speci- 
mens. Similarly, they assumed a difference of 20° F. 
between the 15 ft.-lb. Charpy V-notch temperatures and 
the 12-in.-wide plate transition temperatures and ar- 
rived at 40° F. as the minimum 12-in.-wide plate tran- 
sition temperature for unsafe steels, based upon the 
Charpy V-notch data of their Fig. 6. 

Discussing premise 3 first, we are convinced that the 
AT hypothesis is invalid, even for “groups of steel 
within a grade,” when the criteria for determining tran- 
sition temperatures are indiscriminately mixed as they 
are here. The temperature at the 15 ft.-lb. level on the 
Charpy V-notch curve (we used the 10 ft.-lb. level in 
our evaluations) involves consideration of a low energy 
level, and, as we pointed out in the paper, may be 
associated with a ductility transition. Most of this 
energy is used in initiating the crack. ‘The temperature 
selected for the 12-in.-wide plate specimens was a frac- 
ture transition temperature, which is the highest tem- 
perature at which rapid propagation of the crack takes 
place. Not all factors affect the fracture and ductility 
transitions in the same manner; hence, it must be 
decided which transition, if any, will be used for evalu- 
ation, because the relative ratings of the steels will de- 
pend upon this choice. For example, Enzian and Sal- 
vaggio' found that nitrogen affected the fracture tran- 
sition temperature appreciably but had little or no 
effect on the ductility transition. We have found this 
same behavior and have further observed that fissuring 
(the transverse stresses present during testing appar- 
ently cause the metal to part along planes of weakness, 
e.g., near long inclusions, and hence give rise to “‘fis- 
sures’’) has a much more decided effect on the fracture 
transition than on the ductility transition. Project 
steels A and C provide a classic demonstration of the 
same principle. On the Charpy V-notch curve, the 
temperatures for both these steels were about 50° F. at 
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the 15 ft.-lb. level. By the 12-in. plate tests at Swarth- 
more,’ their transition temperatures were, respectively, 
50 and 94° F. Such a rough correlation between these 
tests (as a result of the mixed criteria) seems to preclude 
the use of any AT hypothesis. 

In our opinion, the fracture transition temperature in 
the hatch corner test (corresponding to the tempera- 
ture at which the large drop in energy occurs) and the 
temperature at 10 ft.-lb. on the Charpy V-notch curve 
should not both be set up as being capable of evaluating 
ship behavior, for they are widely at variance with each 
other, and the AT hypothesis should not be used for the 
reasons stated above. Yet it is our understanding that 
the only proven test is the Charpy V-notch test, in 
which a definite correlation was found with failures in 
service. Therefore, premise 1 must be considered un- 
tenable in view of such evidence. This is not to imply 
that there is anything wrong with the hatch corner test 
itself, but we would have interpreted the results some- 
what differently by selecting the critical temperatures 
at much lower energy levels than those associated with 
the fracture transition. 

Premise 2 is in line with our thinking. Figure 6, as 
well as indicating unsafe steels, implies that steels with 
15 ft.-lb. Charpy V-notch temperatures below 20° F. (or 
below 60° F. if just the plates in which fracture started 
are considered to be the controlling factor) would be 
safe for ship service. 

We have already stated our belief that many small 
cracks are present in a welded ship structure, and that 
these stress raisers may well be the source of brittle 
failure. Such cracks may propagate rapidly in a ship at 
quite high temperatures, higher than those indicated 
by the temperature at 15 ft.-lb. on the Charpy V-notch 
curve, provided sufficient energy is available to start this 
rapid propagation. But all of the information that has 
been obtained on ship fractures and the service experi- 
ence with the ships themselves indicate to us that only 
a relatively low amount of energy is available to start 
crack propagation. The ship therefore does not break 
until the temperature is low enough for the available 
energy to exceed the energy required to start crack prop- 
agation. If the service conditions were more severe 
and hence the available energy greater, brittle failures 
would probably occur at higher temperatures than those 
involved in the failures being considered. When rela- 
tively low amounts of energy are to be absorbed, such 
absorption can take place by deformation around a 
notch or sharp crack without rapid crack propagation 
taking place. Even slow extension of an already exist- 
ent crack can be tolerated. Such deformations absorb 
energy and protect the structure. It is only the rapid 
crack propagation that is dangerous. 

We would again point out that the thickness reduc- 
tions in the wide plate tests for many of the cleavage 
failures are quite different from those involved in actual 
ship failures. The discussers state that the thickness 
reductions at the fractured edge of the wide plate 
specimens for the cleavage failures are within the same 
range, which is usually | to 3%, as those measured on 
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the edges of fractures in ship hulls. It is our under- 
standing that in ships very little reduction in thickness 
was found near the origin of the fracture, yet this was 
not the case in most of the wide plate tests even for 
cleavage failures. The authors believe that the de- 
formation occurring prior to cleavage failure in the wide 
plate tests is quite important, since it indicates that the 
temperature is sufficiently high to permit such de- 
formation before the cleavage failure. takes place 
In ships, cleavage fractures could have occurred at 
temperatures all the way up to the fracture transition 
temperatures of the steels involved, and it is very likely 
that under such conditions the deformations around 
the notches would have been greater than those that 
were obtained. Actually, however, the available data 
indicate the failures occurred at temperatures well 
below the fracture transition temperature with very 
small accompanying strains. Therefore, it does not 
seem valid to select the fracture transition as the cri- 
terion of performance and conclude that the deforma- 
tion around the notch is unimportant, when a corre- 
spondence of test and service behavior could have been 
obtained by selecting lower temperatures on the wide- 
plate-test performance curve. Moreover, in many of 
the wide plate specimens that failed by cleavage, the 
thickness reduction at appreciable distances from the 
notch was more than the usual 2% experienced in ser- 
vice, which further indicates that the temperatures of 
these tests are too high to reproduce service behavior 

In Table 1 of our paper, a 72-in.-wide plate test on 
Project steel C at 78° F. (cleavage failure) showed 
11.5% reduction 1 in. from the notch and 4% at 16 
in. from the origin of failure. At 80° F., a similar test 
showed 5 and 6% reduction 16 in. from the origin. At 
31° F., the reductions are more in line with those ob- 
served in actual failures. These observations accord 
with our interpretation of the results obtained on 
Charpy V-notch specimens. By this Charpy specimen, 
the critical temperature (at 10 ft.-Ib.) is about 40° F 
for steel C. The wide plate test at 31° F. should, 
therefore, represent the type of behavior that might 
occur in a ship, whereas the test at 78° F. should not 

Project steel D, containing 0.20 C, 0.55 Mn and 0.20 
Si, showed 5.0 and 5.5© thickness reduction 16 in. from 
the notch and 18°% at '/, in. from the notch in a 72-in 
plate test at 34° F. (cleavage failure). Steel N, con- 
taining 3'/2% Ni, showed 3° reduction at 4 in. and 
13°) at '/s in. from the notch in a 12-in.-wide plate test 
at —78° F. (cleavage failure).* Nevertheless, the 
energy absorbed in this failure was almost equal to that 
absorbed by steel C when it failed entirely by shear 
Is not this energy also important regardless of the mode 
of failure? Our answer to this would be in the affirma- 
tive. And our answer to the question whether the large 
energy transitions (fracture transitions) in the wide 
plate tests were significant with respect to service be- 
havior would be in the negative, partly because of the 
reasons stated above. 

We can readily understand why the discussers are 
reluctant to give the name “ductility transition’ to 
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energy drop-offs that are hardly noticeable. If, how- 
ever, a drop-off is present and it coincides with the dis- 
appearance of shear fracture under the notch, we would 
see no reason for not accepting such terminology. In 
any case, the behavior would be that required by defi- 
nition, and we did try to define what we meant by duc- 
tility transition. If the behavior did not satisfy this 
definition, we would not call it a ductility transition. 
For example, we did not speak of a ductility transition 
at 10 ft.b. for the Charpy V-notch specimen. We 
simply spoke of a certain temperature associated with 
this low energy level. It might also be better not to 
refer to a ductility transition in the wide plate tests. If 
a ductility transition did not exist in this instance, we 
would refer only to a temperature at a certain low en- 
ergy level, as we did in connection with our Fig. 10. 

It was our impression, however, that even in the wide 
plate tests a small amount of shear failure usually oc- 
curred just below the notch at temperatures well below 
that of the fracture transition. This impression was 
based upon examination of photographs of the fractured 
specimens and upon examination of some of the speci- 
mens themselves. Moreover, in the Swarthmore Re- 
port? on the 12-in.-wide plate tests, the tables list the 


first visible crack as occurring at loads well below the 
maximum even for specimens that reportedly broke with 
cleavage failures. Since cleavage failures are usually 
associated with rapid crack propagation and shear fail- 
ure with slow propagation, it seems very likely that the 
initial small extension of this crack, which occurs slowly, 
takes place in the shear mode. Regardless of whether 
or not an actual ductility transition occurs in one of 
these tests, it is important to establish a level of energy 
in the test which is in keeping with the critical amount 
necessary to assure satisfactory service performance at 
operating temperatures. Furthermore, it is believed 
that the temperature associated with this critical 
amount of energy should always be used in evaluating 
materials, regardless of where this temperature lies in 
respect to the fracture transition temperature. 
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Testing the Tendency of Weldable Structural 
Steel Toward Brittle Fracture 


by E. Folkhard 


HE basic requirement for testing steel for brittle 
fracture is that the steel be tested in the same con- 
dition as it is to be used in the welded structure. 
Welding creates a hardened heat-affected zone and 
produces multiaxial shrinkage stresses over the cross 
section. The shrinkage stresses are the determining 
factor for brittle fracture, whereas hardening in the 
heat affected zone is responsible for cracks. The tend- 


* Abstract of “Die Prifung der Sprodbruchempfindlichkeit schweissbarer 
Baustahle,"" published in Stah/ u. Eisen, 71, 347-351 (1951). (Abstracted 
by Dr. G. E. Claussen.) 


ency toward cracks and the tendency toward brittle 
fracture are two fundamentally different properties of a 
steel. 

Four tests were used to determine their suitability for 


detecting tendency toward brittle fracture. The four 
tests were the notch impact test, the Schnadt test, the 
bead-bend test and the Kinzel test. All tests were per- 
formed over a range of temperature to determine the 
temperature of transition from ductile to brittle frac- 
ture. A comparison of the four tests on three thick- 
nesses of a steel containing 0.25 C, 0.42 Si, 1.41 Mn, 
0.029 P, 0.032 S, is given in Fig. 1 and Table 1. It is 
clear that the notch impact tests show no difference in 


4 
Vertical axis, energy to fracture, mkg./em.*; horizontal 
axis, temperature of test, C. 
Left diagram, 0.78 in. thick: maddie diagram, 1.18 in. & — | 
thick; right diagram, 1.58 im. thick > Ai | 
—— DVM specimen 10 10 mm., notch diameter = 2 3S 
mm., notch depth = 3 mm. (heavy full line) 
IVM specimen 10% cold-work then aged at 480° slap, | 
20 40 +00 -W +40 780-80 -W0 20 +80 
& Priftemperatur in 


Fig. 1 Notch impact and Schnadt results for three thicknesses of a steel (see Table 1) 
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Table 1—Comparison of Kinzel and Bead-Bend Test Results on Three Thicknesses of the same Steel (See Fig. 1) 


— -Plates 0.78 in. thick 
Bead-bend % Contraction 
angle, in Kinzel 
degrees specimen 
—20 35 brittle 
—10 68 ductile 
0 >150 
+10 >150 
+20 >150 
+35 
+50 


Temperature 
of test, 


Plates 1.18 in. thick—— 


Bead-bend 
angle, 
deqrees 
13 brittle 
11 brittle 
14 brittle 

27 brittle 
82 ductile 
89 ductile 

>150 


in Kinzel 
specimen 
0 


Contraction 


angle, 

degrees 
14 brittle 
15 brittle 
12 brittle 
16 brittle 
22 brittle 
46 mixed 
92 ductile 


Bead-bend 


Plates 1.58 in. thick 
% Contraction 


in Kinzel 
specimen 


8 


Steels A, B, C and D in order from left to 
right. The four lines in each graph have 
the same significance as in Fig. 1 


a 


Spezifische Schlagarbeit in kgm/cm* 


J 


20 


+40 


-80 


«#40 


~80 


“40 +20 


Priftemperatur in °C 
Fig. 2 Notch impact and Schnadt results for four steels (see Table 2) 


Table 2—A Comparison of Bead-Bend and Kinzel Tests on Four Steels (See Fig. 2) 


Steel A 
0.12 
0.05 
0.33 
0.029 
0.027 
29,300 
52,600 
33.8 


% Con- 


Steel B 
0.15 
0.25 
0.91 
0.024 
0.031 
45,500 
69,000 
32.6 
Bead- 
bend 
angle, 
degrees 


Yield point, psi. 
Tensile strength, psi. 
% Elongation 
Tempera- Tempera- 
traction ture of 
in Kinzel test, 
specimen 
6.3 2 > 150 7.2 
6 > 150 6.8 
6.£ > 150 6.8 
7 >150 
‘ 


6.6 20 > 150 3 


% Con- 
traction 
in Kinzel 
specimen 


lest, 


Tempera- 
ture of 


Steel C 


% Con- 
traction 
in Kinzel 
specimen 


angle, 
degrees 
15 brittle 
32 brittle 
>150 
>150 
> 150 


0 


6. 


6 


Tempera- 
ture of 
test, 


9 


2 
9 


7.2 


Steel D 
0.22 
0.48 
1.47 
0.029 
0.022 
61,500 
97,000 
27.2 
Bead- 
bend 


angle, 
degree 


12 brittle 
21 brittle 
34 brittle 


75 ductile 
81 ductile 


% Con- 
traction 
in Kinzel 


spect men 


tendency to brittle fracture among the three thick- 

nesses, but that the Kinzel and bead-bend tests show 

the superiority of the thinnest over the thickest plate. 
Another comparison of the four tests on steels 1.58 in. 


thick is shown in Fig. 2 and Table 2. The steels were 


tested in the normalized condition. 


Steel B was killed 
with aluminum to produce fine grain. Whereas the 
higher tensile steels are superior to Steels A and B in 
the notch impact and Schnadt tests, the reverse is true 
in the bead-bend and Kinzel tests. 


Aveust 1951 
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| 
0.9 | 
0.7 0.8 
1.3 0.8 | 
4.7 0.9 
6.8 1.9 
7.2 3.6 
6.7 5.4 : 
F 
; 
%C 0.18 
% Si 0.41 j 
% Mn 1.30 ! 
%P 0.036 
% 0.027 
53,000 
82,000 
31.2 
Bead- a 
bend 
—20 —20 
10 | F 
0 0 0.6 
10 | | 10 1.3 
20 7.1 20 5.8 
35 35 35 35 6.4 
415-s 


Automatic Welding with 
Elin Chain System) 


by W. Senft 


HE chain-flux system of automatic are welding is 
illustrated diagrammatically in Fig. 1. A_ bare 

electrode is fed by rollers through a contact shoe, 

after which semicircular flux is pressed against the 
wire. Two fingers hold the flux against the wire just 
above the are, Fig. 2. The welding head is provided 
with an eecentric to produce weaving motion of the 
electrode back and forth across the joint. 

The chain flux may have the same composition as the 
coating on manual electrodes, or may have a special 
composition particularly suited for a given application. 
Each element of the chain is about °/s in. long and is 
reinforced by two fine wires shown as black dots in 
Fig. 3. The chain is extruded in special presses, Fig. 4. 
Roller 8 produces notches in the extruded flux. After 
drying, the flux is rewound and the flux then breaks 
into short lengths at the notches. 

The chain-flux system is recommended for welds 
requiring high ductility. A special apparatus has been 
developed for shipyard welding. 


* Abstract of “Der Elin-Mantelkettenschweissautomat,” published in 
Elin Zeitschrift, 3, 35-39 (March 1951). (Abstracted b, Dr. G. E. Claussen.) Fig. 2 The chain flux automatic arc welding head 


Fig. 3 Profile of the chain 


flux 


4 


Fig. 4 Sketch illustrating the extrusion of the chain flux 


1, flux to be extruded; 2, cunts of extrusion press; 3, piston re 

i Sket i i ine , = extrusion press; 4, extrusion die; 5, guide for the two fine wires; 6, 

of fine wire; 7, reel of chain flux: &. rotating knife to notch the 
. 4, 3 2s ux 
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For strong and smooth welds 


Reo uses AnaconnA Nickel Silver 828 


Close-up of “T” 
handle weld 
showing smooth 
neat appearafice 
of this ANACONDA 
Nickel Silver 828 
braze weld 


The braze-welded “T” joint in the tubular steel 


Reo Runabout Model 

WE 18 with “T” handle 
fabricated by braze welding 
with ANACONDA Nickel the machine suspended in mid-air. And that twisting 


Silver 828 Rod. / SA load bears most heavily on the weld itself. 


to take the severe twisting it's put to every time i} 


/ », handle of this 18” Reo lawn mower has to be strong 
/ 


j/ Pages, leo meets the requirements of both strength and 
matching color by braze welding this joint with 
AnaconnA Nickel Silver 828 Rod. Under 
torture tests and in normal service, there 


the mower runs along a garden edge—with half 
has not yet been a failure. | 


AnaconpA Nickel Silver 828 is but one of the alloys 
available in the complete line of ANACONDA 
Welding Rods sold by distributors throughout 

the United States. Among them you'll find the ideal 
rod for braze welding on your production line. 


For our informative Publication B-13, write to 
The American Brass Company, Waterbury 20, 
Connecticut. In Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. _— 


ANACONDA 


braze or weld with confidence WELDING RODS 


\\ 
\ 
/ 
A\ \ 


standard 
types 

for vertical, 

overhead 


All Airco Stainless Steel Electrodes 
are designed to afford extreme 
operational ease in all positions — 
vertical, overhead and horizontal. 
Their are stability and deposition 
characteristics assure smooth, flat 
weld deposits. Furthermore, Airco’s 
continuing research permits you to 
get special stainless steel electrodes 
tailored to fit any unusual require- 
ments that might arise. 


These electrodes are supplied 
with two types of flux coatings — 
the heavy extruded lime type, spe- 
cifically designed for application 
with DC reversed polarity, and the 
extruded titania type for AC or DC 
application. 


These electrodes produce a spray 
type are of excellent stability. The 
covering which serves as a flux gives 
tapid wetting action and com- 


stainless steel! 


| electrodes... 
full range of 


pletely covers the deposit. Because 
of this good wetting action, it is 
possible to produce welds which 
taper into the base metal, thus 
eliminating abrupt changes of con- 
tour which would be conducive to 
slag adherence. 


For more information about 
Airco Stainless Steel Electrodes, 
write your name and address on the 
margin below, and send it to your 
nearest Airco office, or authorized 


Wor WHEW I 
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AIRCO) products 


No. 78E is an im- 
proved high quality 
E6010 electrode. It has 
a very smooth spray 
type are with little 
spatter. The deposit 
solidifies quickly pro- 


ducing very smooth horizontal fillets. It also 
operates exceedingly well on vertical up, 
vertical down and overhead welding. The 
mechanical properties and X-ray character- 
istics are excellent exceeding the require- 
ments of the E6010 class. 

This electrode is used extensively in the 
welding of fittings on fired or unfired pres- 
sure vessels, storage tanks, structural frames, 
bridges, pipe lines, and all classes of marine 
work where high ductility and tensile 
strength are essential. 


All high capacity 
Heliweld holders are 
water-cooled to pro- 
vide sufficient cool- 
ing for high currents 
used. There’s che 
Air-Cooled Manual 
Holder for light, general-purpose work .. . 
the Water-Cooled Manual Holder for heav- 
ier, general-purpose work ... the Machine 
Holder for semi-automatic installations . . . 
the Automatic Head for the fully automatic 
operations. Also available is a Heliweld 
“Bumblebee” for AC heliwelding. This ma 
chine has all controls for current, gas and 
water within its housing, PLUS a one unit 
power supply. 


For more information, write your nearest 
Airco office today for a free copy of Heli- 
welding Catalog No. 9. 

* * * 


Air Reduction supplies Oxygen, Acetylene 
and other industrial gases . . . Calcium 
Carbide . . . and a complete line of gas 
cutting machines, gas welding apparatus 
and supplies, plus arc welders, electrodes 


dealer for a copy of Catalog ADC- 
650B. 


(AIRCO) AAIR 


AIR REDUCTION SALES CO 
AIR 


and accessories. Ask us about anything 
pertaining to gas welding and cutting, and 
arc welding ... we'll be glad to help you. 


REDUCTION 


IMPANY «+ AIR REDUCTION MAGNOLIA COMPANY 
REDUCTION PACIFIC COMPANY 


REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 
Divisions of Air Reduction Company, Incorporated 
Offices in Principal Cities 


